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JANUARY 24-27, 1989

TUESDAY - 24 JANUARY

8:30-9:00 Bldg 1002 Welcoming Remarks
Room 111

General Announcements
Capt Roger Beauman

9:00-12:00 Software Engineering
(Break at 10:15) Capt David Vega

Capt Michael Simpson
Keesler AFB

12:00-1:30 Lunch

1:30-4:30 Software Engineering
(Break at 2:30)

6:30-8:00 Keesler AFB Reception
Officers' Club

WEDNESDAY - 25 JANUARY

9:00-12:00 Bldg 1002 Generics
(Break at 10:15) Room 111 LCDR Lindy Moran

US Naval Academy
Major Chuck Engle
SEI

12:00-'.:30 Lunch

1:30-4:30 Generics
(Break at 2:30)

6:30-11:00 Bldg 1002 Hands-on Project
(Optional) Room 148 Lt Dan O'Donnell

Lt Don Princiotta
Lt Kevin McGinty
Keesler AFB Instructors
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THURSDAY - 26 JANUARY

9:00-12:00 Bldg 1002 Tasking
(Break at 10:15) Room 111 Capt David Cook

USAF Academy

12:00-1:30 Lunch

1:30-4:30 Bldg 1002 Methodologies for Reuse
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I 9:00-12:00 Bldg 1002 Exceptions
(Break at 10:15) Room 111 Major Pat Lawlis
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| GENERICSI
* 0 Why program at all?

* 0 Why program generically?

* 0 What does generics provide?

II 0 How do you write a generic unit?

II 0 Parameterless Generics

1 0 Parameterized Generics
I

0 Value and Object Parameters

0 Type Parameters

0 Subprogram Parameters

I 0 What are the Cons of generics?

I 0 What are the Pros of generics?

0l What are the unresolved issues?

0 How do you teach generics?

I



Why program at all?

O Reusability - a programmed solution
can be used over and over

0 Reliability - program can be tested and
verified to ensure correct results for
subsequent runs

0 Readability - program formalizes human
solution and represents it in more
abstract readable form

0 Maintainability - making a change to
a program ensures that the change is
consistently applied to all problem
solutions



II Why program generically?
I

0 Reusability - similar program units
needed but different enough to
preclude simply entering differing
values at run time

1 LI Reliability - generic unit once tested
and verified does not need to be retested
for each new use or "instantiation"U

0I Readability - using generic unit allows
extraction of the "essence" of the unit
eliminating application specific details
and produces a very uncluttered readable

* unit

* LI Maintainability - a change made to the
unit applies to all uses of the unitI

0 Programming in the large - facilitates
concentration on higher layers of

* abstraction by providing reusable
conceptual building blocksI
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What does generics provide?

" Templates for conceptual building
blocks

" Remove problem specifics => greater
clar.ty and understandability of
code

" Can add levels of abstraction

" Reduces source code size => code
more readable and maintainable

" Facilitates REUSE of software

" Elegant complement to strong typing

" Mechanism for doing I/O
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Creating a "Need" for Generics

- A Simple Example -

[I Long Integers Problem

0- Problem is to be able to add and
multiply non-negative integers of
unlimited digits

L0 Simple problem to understand

0= Creates "cognitive dissonance" and
"need" in student to solve problem

L Need for generic unbounded stack
is relatively obvis

01 Illustrates layers of abstraction

L Long Integer - Top Level
01 Original level of student focus

[I Stack - Bottom Level
LI Second level of student focus



U Conceptual Building Blocks
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with Long IntegerStack;package Long_Integers is

i type LongInteger is private;

I function Make_Long_Integer(Numeral : in string) return Long_Integer;

function "+"(FirstLongInteger, Second_Long_Integer : Long_Integer)
return LongInteger;

I function "*"I(N : Natural; ALong_Integer : LongInteger)
return LongInteger;

function "*"(FirstLong_Integer, SecondLong_Integer Long_Integer)

return LongInteger;

Iprocedure Put(ALong_Integer : in Long Integer);
privateU type LongInteger is new Long IntegerStack.Stack;
end LongIntegers;

I
I



th Text_10;

ckage body LongIntegers is

use Long_IntegerStack;

function MakeLongInteger(Numeral :in string) return Long_Integer is
L : Long_Integer;

begin
Clear(L);
for Position in Numeral'first. .Numeral'last loop

Push(character'pos(Numeral (Position) )-character'pos( '0') ,L);
end loop;
return L;

end MakeLongInteger;

function 1"+" (First_LongInteger, Second_LongInteger LongInteger)
return LongInteger is
ReversedSum, Sum : LongInteger;
Carry :integer 0;
SingleColtmnSum integer :=0;
Li Long_Integer First_Long_Integer;
L2 : LongInteger SecondLong_Integer;

begin

Clear (ReversedSum);
Clear (Sum) ;

while (NOT IsEmpty(Ll)) and (NOT Is_Empty(L2)) loop
SingleColumnSum : TopOf(Ll) + Top_Of(L2) + Carry;
Push(SingleColumnSum mod l0,ReversedSum);
Carry :=(SingleColumnSum - (SingleColumnSum mod 10)) /10;
Pop (Li) ;
Pop(L2);

end loop;

while NOT IsEmpty(Ll) loop
SingleColumnSum :=TopOf(L1) +- Carry;
Push(SingleColumnSuim mod l0,Reversed~um);
Carry :=(SingleColumnSum - (SingleCclumnSum mod 10)) ,'10;

Pop (Li);
end loop;

while NOT Is_Eipty(L2) loon
SingleColumnSum Top -fL - Carry;
Push(SingleColumnSuim mod 10,ReversedSum);
Carry :=(SingleColumnSum - (SingleColumnSum mod 10)) /10;
Pop(L2);

end loop;

if Carry = 1 then
Push (1,ReversedSum);

end if;

while NOT IsEmpty(ReversedSum) loop

Push (TopOf (ReversedSum) ,Sum);I
Pop (ReversedSum);

end loop;

return Sum;I
end ""



for Count in 1..N loop
Result := Result + ALongInteger;

end loop;
return Result;

end "*""

function "*"1 (First_Long Integer, Second_Long_Integer LongInteger)
return LongInteger is
Li : LongInteger := First_Long_Integer;
L2 : Long_Integer Second_LongInteger;
Result : LongInteger := Make_LongInteger("0");
Digit : integer;
Position : integer.= 0;
Temp : Long_Integer;

beginwhile NOT Is_Empty(Ll) loopDigit := Top_Of(Ll);
wPop (L1);

IPosition := Position + 1;
Temp := Digit * L2;
for NumberOfTrailingZeros in 2..Position loop

Push(0,Temp);
end loop;
Result := Result + Temp;

end loop;
return Result;

end "*" ;

procedure Put(A_Long_Integer : in LongInteger) is
Temp, Temp2 : LongInteger;

begin
Temp := ALong_Integer;

-- reverse contents of Temp into Temp2
while NOT Is_Empty(Temp) loop

Push(Top_Of(Temp),Temp2);
Pop(Temp);

end loop;

-- print contents of Temp2 on screen
while NOT is_Empty(Temp2) loop

Text IC.Pt(integer'image(TopOf8Temp2') (.Z);
Pop(Temp2) ;

end loop;
end Put;

and LongIntegers;



:h Long_Integers, Text_-10; use Long_Integers, Text IO;
3cedure Uselongintegers is
A, B :LongInteger;
-in
A Make_-Long_Integer("25012345"1);
B MakeLong_Integer("22334455"1);
Put(A * B);
NewLine;
Put(2*A);
I UseLonglntegers;



I generic
type Item is private;

package StackSequentialUnbounded_UnmanagedNoniterator is

type Stack is limited private;

procedure Copy (From The Stack : in Stack;
To The Stack : in out Stack);

procedure Clear (The Stack : in out Stack);
procedure Push (The Item : in Item;

On The Stack : in out Stack);
procedure Pop (TheStack : in out Stack);

I function Is_Equal (Left : in Stack;
Right : in Stack) return Boolean;

function Depth_Of (The Stack : in Stack) return Natural;
function Is_Empty (TheStack in Stack) return Boolean;
function Top_Of (TheStack in Stack) return Item;

Overflow : exception;
Underflow : exception;

private
type Node;
type Stack is access Node;

end StackSequentialUnboundedUnmanaged_Noniterator;

[Taken from Software Components with Ada by Grady Booch]



th StackSequentialUnboundedUnmanagedNoniterator;
ckage LongInteger_Stack is new
StackSequentialUnboundedUnmanaged_Noniterator(Item=>integer);

I



I
I
I

Traditional Programming
I

Algorithms, Objects, Resources

-- intermixed with --

I Problem specifics
I

S/ -

It 0Problem Specifics hm

I 0, r e
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I
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procedure Swap(X,Y: in out integer) is
Temp : integer :=X;

begin
X:=Y;

Y := Temp;
end;

procedure Swap(X,Y: in out character) is
Temp : character :=X;

begin
X :=Y;

Y := Temp;
end;

procedure Swap(X,Y : in out float) is
Temp : float :=

begin
X:=Y;
Y.'= Temrn;

end;

type AnArray is array(L. I 0) of integer;

procedure Swap(X,Y : in out AnArray) is
Temp : AnArray :=X;

begin
X:=Y;
Y := Temp;

end;



I
I
I
I

I Generic ProgrammingI
Algorithms, Objects, Resources

*I separated from

I Problem specifics
I

Objects em

Resources b c
3 Algorithms ' pr if

c
e

I
I
I
I



Syntax and Semantics

generic
... generic formal parameters...
subprogram or package specification;

subprogram or package body



I

A Generic Swap ProcedureI
* generic

type Element is private;
* procedure Swap(X,Y: in out Element);

I procedure Swap(X,Y: in out Element) is
Temp: constant Element :- X;

begin
I X'-=Y;.

Y := Temp;
II end Swap;
I
I
I
I
I
I
I
I
I
I



NO!! Generic units not "callable/usable'! .

Explieit
Instantiation

o Creates callable/usable unit

w-ith Swap: q
p.-ocedure Example is

procedure CharSwap is new Sxap(cha-acter):

procedure IntSwap is new Swap(Element= >integer);

beginN

Cha.rSw-ap(OneLetter,AnotherLetter);
IntSwap(AnInteaer, AnotherIntecer); I

end Example;

I



I

l Overloading Instance NamesI
I

with Swap;
I procedure SwapThings is

X : integer := 5;
Y : integer:- 10;
A :character 'A'
B character 'B';

procedure Exchange is new Swap(character)
procedure Exchange is new Swap(integer);

* begin
Exchange(X,Y);

i Exchange(A,B):
I end;

I



Generic Units
An Analogy

Declaration Instantiation

Data Object: Type Declaration Object Declaration

type Age is rnge 0.. 100, OldAge . Age,

Generic Unit. Generic Declaration Generic Instantiation

p~ Ede, r.7;7 et n e 7,"

-O ' el,.. "?

.r.. ; O7.tJ '.



I
I
I Explicit Instantiation

1 generic
type Element is < >;

procedure Swap (X,Y in out Element);
procedure Swap (X,Y :in out Element) is

Temp : Element := X;
1 begin

X :=Y;
SY Temp;

end;

with Swap;
procedure SwapThings is

1 X integer := 5;
Y integer 10;
A character 'A';
5 'character 'B';

begin
Swap(X,Y); -- Why NOT?
Swap(A,B); -- param types differ after all

end SwapThings;

D1 Requirement to EXPLICITLY instantiate
simplifies compilation of units

, The ap instatati provides
SX t-e I I '- I I I . I f r i,.,eI -ri n r),ae., czr r ep crt i n ge!r rrs

c z r"•, C I C C



U Permits independent Checking cf generic
ur is and generic isatain

URe sol1ves ambig uityofreecett

might otherwise occur

U1 Provides better awareness of instances
and improves reliability and readability

With Swap;
procedure SwapThings is

X :integer 5;
Y : integen : 10;
A :character :='A';

5character E

procedujre- S~w-ndv \:nctcarce

bein

end Swap;

begin
Swap(X,Y); -- generic Swap used
SwYap(A 15), -- local Swaup mask= generic one

en.;-d SwapThinQs,
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Parameterless Generics

"Cloning" Units

A nongeneric "unique object" Stack package:

package Stack is
procedure Pop(I : out integer);
procedure Push(I : in integer);
function Empty return boolean;
function Full return boolean;

end Stack;

A non-generic "many objects" solution:

package Stacks is
type Stack is ...
procedure Pop(S • in out Stack; I : out integer);
procedure Push(S : in out Stack: I : in integer)-
function E:.2pty(S : Stacl:) retu.rn boo'lea ln;
function Ful!(S : Stackt return boolean,

end Stacks;

-- changes must be made to body of package also

A sample user program:
procedure StackUp is

SI, S2 : Stack; Item : integer;
beginb A en. I;A

Push(S1,10); PushS2,.5); Pop(Sl,ltem);
en ;



U Parameterless Generics cont.I
A generic "many objects" solution:

generic
package Stack is

3 procedure Pop(I : out integer);
procedure Push(I : in integer);

II function Empty return boolean:
function Full return boolean;

end Stack;

-- generic body is identical to non-generic one
-- no changes have to be made to get many stacks

A sample user program:

I with Stack;
procedure StackUp is

Item : integer;
* package SI is new Stack;

package S2 is new Stack;
* begin

SI.Push(10); S2.Push(5);
I S1.Pop(Item); S2.Pop(Item);

end StackUp:
I

I



Parameterless Generics cont.

I= Stack implementations compared

0 Non-generic package - only one
elaboration and initialization occur

0 Generic package - multiple
elaborations and initializations occur
- once for each package

Example: with Text-lO;
package body Stack is

begin
TextIO.Put("New stack created.");

end Stack;

package S I is new StEack; -- message prints
package S2 is new SLack,-- message prints again.
pacakge S3 is new Stack;-- message prints again



I
I* Creating Library Units

of
II Generic Instantiations
I

II =- compile following separately into the library

II with Stack;
* package S I is new Stack;

S--SI is now a usable library unitI
with SI; use SI;

I procedure StackUp is
Item: integer;

I begin
Push( 0);
Push(20);

* Pop(Item);
end StackUp;I

I



Parameterized Generics

0 Generic Parameters

0 Value and Object Parameters

O Type Parameters

0 Subprogram Parameters



I
Value and Object Parameters

*I 0 Value Parameters

* El Are of mode IN

II E Serve as local constants in
generic units

U E0 Object ParametersI
[0 Are of mode IN OUTI
0l Serve as global objects in

generic units
I
I
I
I
I
I
I
I
I



Value Parameters

generic
Max: in integer;
Min : integer; -- default mode is IN

procedure BigNSmall(X : in integer);

procedure BigNSmall(X : in integer) is
begin

if X > Max then
Max := X; -- not with mode IN

end if;
if X < Min then

Min := X; -- not with mode IN
end if;

end BigNSmall;



I
Value Parameters

and
i Initialization Before Instantiation
I

i Actual parameters which are to match
with formal generic value parameters
i must" have been initialized before the
instantiation occursI

Example:

generic
Max: in integer;

SMin: integer; -- default mode is IN
procedure BigNSmall(X : in integer);I
with BigNSmall;
procedure UseBigNSmall is

LocalMin : integer; -- no initial value
LocalMax : integer; -- no initial value
X *: integer :- 0;

procedure Extremes is new
BigNSmal I (Max= >Local Max,Mi n= >Local Min);

i -- run-timeerror occurs due to lack cf initialzation IF contents
-- of uninitialized objects raises constraint-error

I begin
Extremes x);

i end UseBigNSmall;
I



Value Parameters
and

Levels of Abstraction

generic
Lower, Upper: in character;

function InRange(S : in string) return boolean;

function InRange(S : in string) return boolean is
begin

for I in S'Range loop
if S(1) not in Lower..Upper then

return FALSE;
end if;

end loop;
return TRUE;

end In-Range;

A non-generic version of InRange:

function !nRange(S : in string; Upper,Lowe":
character) return boolean is

begin
for I in S'Range loop

if S(1) not in Lower .. Upper then
return FALSE;

end if;
end loop;
return TRUE;

end In-Range;



I
Value Parameters

and
I Levels of Abstraction cont.

[]Compare clarity in user's programs using
3 generics to add another level of abstraction

in "customized" names for In-Range function

with In-Range;
procedure In~ounds is

Name •string(1..4) :=JACK-;
i Phone : string( 1..7) :6725643";

begn3 if InRange(Name,'A','Z') then ...
if In Rarie(Phone,'O','9') then...

I end InBounds;

with In-Ra.ge;
procedure InBoucs is

Name : strin( I..4) "jACK1;
Phone strir--(i..7) :"72564y;

function I LU eraeis new in-arngeCA',TZ);

function IsAILLowerCase is new I_:ane('A',z');
I

function Is_. .LDecimal is new In.Range('O','9);I
begin

i f IsAiLUpper-ase(Name) then...
if isAlDecimal(Phone) then...

end InBounds;

3 [*In.ange taken from Ada Lanuage and .Methcdology]



Value Parameters

Our Stack Example Revisited

generic
Size : in natural;

package Stacks is
type Stack is limited private;
procedure Push(S : in out Stack; I : in integer);
procedure Pop(S : in out Stack; I : out integer);

private
subtype NumberOfElements is integer

range O..Size;
type ElementArray is

array(NumberOfElements) of integer;
type Stack is record

Elements : Element-Array;
Top : NumberOfElements '= 0;

end record;
end Stacks;

with Stacks;
procedure StackUp is

package SmallStack is new Stacks(5);
pacakge BigStack is new Stack(5000):

begin



Value Parameters
and

Default Values

(only on VALUE parameters, not OBJECT parameters)

generic
Rows : in positive := 24;
Columns : in positive :- 80;

I package Terminal is

end Terminal;I
-- some possible instantiationsI
package MicroTerminal is new Terminal(24,40);

i -- using positional notation

II package WordProcessor is new
Terminal(Columns= >85,Rows= >66);

-- using named notationI
package DefaultTerminal is new Terminal:

I -- using the default values of 24 and 80

package NewTerminal is new
Terminal(X+Y,Z+ 1 0);

-- using expressions



Value Parameters
an-^1d

The Subtleties of Default Values.

What are the outputs of the following?

package CountingPackage is
fumrtic'n NexxtNum return integer,

generic
Val -integer -=NextNurn;

procedure Count;
end CountingPackage,

with TextUT;
package body CounLrtingPackIage is

CurrentValue :iteger C
function NextNum returnr, integer- is

Current'Yalue -=CurrentValue + 1,
r e tu:rn Cu-rren t V a Iu e

end/' NeX,7INu.zr.,

be-n
Text-!O.uA -LnTe inte- ,-tr'irnage (Val )).

end CountingPackage;

with COuntingPackage;
procedure StartCounting is

procedure FirstCounrt is new CountingPackage.Count;-
procedure CoUnt A ga-x is new C -cuntLinginackage.Coun.rt;

begin
FirstCount;-
CountA- Iairi;



I

AN IMPLEMENTATION DEPENDENCYi
with Text 10; use TextIO;
procedure Imp is

Counter : integer := 0;

I generic
A : in integer;
B : in integer;

procedure X;

procedure X is
begin

putline(integer'image(A+B));
end X;

m function Next return integer is C'
begin , (D

Counter := Counter + 1;
return Counter;

end Next; Cl PC

procedure InstanceOfX is new Xl;

begin
InstanceOfX;

end Imp;



Value Parameters
and

Limited Types

6 Value parameters are constants whose
value is a copy of the value of the
generic actual parameter supplied
in the instantiation.

[I Type of generic formal value parameter
therefore cannot be limited type because
copy of actual parameter value cannot be
assigned to it.

with TextAO;
generic

MyFile : Text-lO.FileType: -- NO!
.,'ocedure Wrong;

-- problem is FileType is limited private



Object ParametersI
I A More Useful Example

generic
Control-Block : in out DeviceData;
Kind : in VDU=Kind :- Basic-Kind;

3 package VDU is
* 0 "

I end VDU;

I with VDU;
procedure ManyVDUs is

DeviceTable : array(l..N) of DeviceData;

package VDU I is new
I VDU(DeviceTable( I ),K indA);

package VDU2 is new
VDU(DeviceTab Ie(2)),Kind__B);

I begin

end ManyVDUs;

I
I
I
I ['Taken from Arda Language and Methodology by Watt, Wi chmann, and Fi ndl ay]

I



Object Parameters
and

Subtleties

l Object parameters passed by reference
not by copy-restore method

= Object parameters are "aliases" for their

actual parameter counterparts

Example:

with TextIO; use TextIO;
procedure X is

Global : integer := 99;
procedure Z(Param : in out integer) is
begin

Param := Param + 1;
Put...._Line(integer' image(Param));
Put Line(integer' image(Global));

end Z;
begin

Z(Global);
end X;

-- output is 1 00, 99 for copy-restore method
-- output is 100, 100 for pass by reference



I
Object Parameters

and
I Subtleties cont.

U 0 Object parameters passed by reference
I not by name -- not like Algol's "copy

rule"I
0 Address of actual parameter corresponding

I to formal generic object parameter is
evaluated ONCE and does not change

D Using generic object parameter NOT like
doing textual substitution of actual

3 parameter's name

I
I
I
I
I
I
I
I
I



Obi Zc, Parameter
and

Subtleties cont.

-E ADDRESS of actual parameter
corresponding to a generic formal object
parameter is evaluated at time of
instantiation



declare
array( 1 ..5) f h arac ter "kitty

Index" Integer := :;

generic
X : in out character;

procedure Replace;

procedure Replace is
%,, &L.L

II ~index :=5:

X:= w ; -- X =Y(1), NOT Y(5)
Put(String(Y));

end Replace;

procedure Update is new Replace(Y(Index));
-- Index = 1 when this instantiation occurs

begin
Lpdate;

end;



NON-EXAMPLE

declare
Y : array(1..5) of character .= "kitty";
Index : integer := 1;

generic
X : in out character;

procedure Replace;

procedure Replace is
begin

Index := 5;

Put(String(Y));
end Replace;

procedure Update is new Replace(72imr);
-- Index = I when this instantiazion occur's

begin
Update;

end;



I
I
I
I

declare
I subtype Si-all is integer range 1 .. 10;

X : integer := 27;
generic

S : A Small;
procedure Gen;
procedure Gen is
begin

Put("All OK"');
end Gen;
procedure P is new Gen(X);
-- ConstraintError raised at time of instant.

begin
IP;

end;I

II IIIIIII ' !



declare
subtype Small is integer range I.. 10;
X : integer := 27;
generic

S : Am1 =2 Small;
procedure Gen;
procedure Gen is
begin

Put("All OK");
end Gen;
procedure P is new Gen(X);
-- executes OK ==

begin
P;

end;



Object Parameters
| and
* Constraint oAs Imposed

El Constraints applied to generic formal
object parameter are those of corresp.
ACTUAL parameter.

declare
subtype Small is integer range 1.. 10;
X: 10;I
generic

S : dm m Small:
procedure Constraints;
procedure Constraints is
begin
S:=S+ I;

I end;

I procedure Actual Constraint is new
Constraints(X); -- causes NC problem

-- constraints of aL1M., apply
I begin

Actual Constraint;
I In.

I



dec lare
subtype Small is integer range 1. 10:
X 2MI.2 2: = 10:

generic
S :f Small;

procedure Cons traints;
p ro c edu,,re Constraints is
begin
q:= S + 1;

end;

procedure Actual Constraint is new
Cons trai nts(; M), causes proble-mi

-cons3trains of ~~aapply

begin
A ctual Cons traint:

end;



I
I
I
I
I
I

Object Parameters

3 E[ Use not recommended because suffer
from all same falacies as global objects

E[ Generic object parameters usually
SHOULD have been regular formal
parameters in the subprogram

I
I
I

I
I
I
I



Object Parameters cont.

generic
Variable : in out integer;
Limit, Reset Value :in integer;

procedure Reset IntegerTemp late;

procedure Reset IntegerTenip lat e is
begin

if Variable > Limit then
Variable := ResetValue;

end if;
end- ResetintegerTemp late;

Better written as...

generic
Limit, ResetValue : in integer;,

procedure ResetlnI~ftegerl'emplate(Variabie if' out
integer;;

procedure Reset 1 - e-P~erTemo Iate,(Variab Ie in, cut
integer) is

begin
if Variable >Limnit then

Variable ResetVa'L7,.e;.
end if;

end ResetlntegerTemp late;

*Takn fom daA a zecond Laa- e Che-1



I
I

Object Parameters
and

* Defined Operations

N E] Operations defined on object are the
5 basic or predefined operators defined

for the matching actual type... even
3 if operator redefined for actual type or

parent type of actual type.

with TextTO; use TextIO;
procedure NotRedefined is

I function "+'(LR integer) return integer is
begin

return L+RP+ I
end;I

generic5 type, SomeType is range ,
:riCt ion PluSIR So-eTpe yom e~3 function Plus(LR SomeType) return SoMeType is

begin5 return L 4' R; -- predefined integer plus
end Plus;

Sf, inction PlusInstance is new
Plus(SomeType =>integer);

begin
eulnd (;inteerirnage(PiusIrstance( "

end;



Type Parameters

0 type identifier is range o;

[I type identi/Yer is digits <>;

ED type identifier is delta <>;

0 type ident.fier is (K>);

- type identifier is array( typemart-range <>,
t. pemarA" range o) of typemar,

D type identifier is array( typemarA,...
tipemar') of t;pemark

0 type identifier is access iypemarl,

0type ideni/er is private;

type ide......, is limited p-ivate;

no SUBtypes



i

| Integer Type Parameters
i

* 0 type identifier is range <>;

* 5l matches an integer type, predefined or
user-definedI

0 operations defined are those defined for
i integers such as + rem, mod,

i negation, abs, >, <, =9,/., <=, >=

0 attributes defined are those defined for
integers such as 'first, 'last, 'succ, ...I

I
I
I
I
I
I
I
I
I



Integer Type Parameters
An Example

generic
type IntType is range o;

function Increment(X : IntType) return IntType;

function Increment(X:IntType) return IntType is
begin

return X+ I;
end Increment;

with Increment;
procedure IncrementThings is

type Age is range 0 .. 130;
type Temp is range -100 100

MlyAge : A a :" :
CurrentTemp : Tem- := 8":

function YearOlder is new Increment(Age)
function TempUp is new

Increment(IntType= >Temp.);

begin
MyAge := YearOlder(MyAge):,
Cur,"entTemp := TempUp(CurrentTemp);

end IncrementThings;



I
Float Type Parameters

I El type identifier is digits <>;

I 0 matches any floating point type, predefined
or user-defined

0 operations defined are those available for
floating point types such as +, -, /, *,| **, negation, abs, >, <, MI,/Mr <W, >=

SE0 attributes defined are those available for
floating point types such as 'small, 'large,

S'digits, Imantisa, 'epsilon, ...

* El useful in providing mathematical routines
where user can control the precision used

I
I
I
I
I
I
I
I



Float Type Parameters
An Example

generic
type FloatType is digits <>;

function Sqrt(X : FloatType) return FloatType;

function Sqrt(X : FloatType) return FloatType is
begin

end Sqrt;

with Sqrt;
procedure Rooting is

type VeryPrecise is digits 7;
type Imprecise is digits 3:

X .VeryPrecise "= 0.123:
Y" Imprecise := 0.I2;

function ExactRoot is new Sqrt(VeryPrecise);
function RoundRoot is new Sqrt(Imprecise);

begin
X ExactRoot(X);
Y := RoundRoot(Y);

end Rooting;



I
* Discrete Type Parameters

* 0 type identifier is (o);

* I0 matches any discrete type -- includes
integer types and enumeration types

1 (boolean also)

0 attributes defined are those available for
3 any discrete/scalar type such as 'first,

'last, 'succ, 'pred, 'image, 'value, 'pos,
'val

I 0 operations defined are those defined for
g discrete/scalar types such as >, , S-,P

>-, <=

I
I
I
I
I
I



Discrete Type Parameters
An Example

generic
type Element is (<>);

package Sets is
type Set is private;
function Intersection(SI,S2 : Set) return Set;
function Union(SI,S2 : Set) return Set:
function Isln(Item : Element; S : Set) return

boolean;
function IsNull(S : Set) return boolean;

private
type Set is array(Element) of boolean;

end Sets;

-- some possible instantiations

package Cha-actel.-Set is new Sets(character);

package In:egerSet is new Sets(integer);

type Student is (John, Joan, Ann, Sue, .. ., Zip);
package StudentSet is new Sets(Student);



i
Discrete Type Parameters cont.

0 Minimal assumptions about the type
3 must be made - operations must apply

to ALL discrete types

i Example:

generic
I type Element is (o);

function Next(X : Element) return Element;i
function Next(X : Element) return Element is

I begin
X :- X + 1; -- not defined for ALL

-- discrete types
* end Next;

I Use attributes:

function Next(X : Element) return Element is
begin

if X- Element'Last then
return Element'First;

else
return Element'Succ(X);

end if;
end Next;

U



I
Constrained Array Type Parameters

= type identifier is array (typemarl;..., 
t yo euark ) of tyPpemar, I

LI matches any constrained array type
where:

1) number of dimensions match, 3
2) index subtypes of corresponding

dimensions match, I
3) bounds in corresponding dimensions

are identical,
4) component types match

l attributes defined are those available for
constrained arrays such as 'first(n),
'last(n), 'range(n), 'length(n) 3

Ei operations defined include those availa1l0e
for constrained arrays su,, as =, :=, sag
slice notation (for one dimensional .arrayv I

I

I
I



n Constrained Array Type Parameters
* .An Example

n generic
type Index is range o;
type Component is (o);

3 type AnArray is array(Ilmifi ) of Component;
-- LRM 12.!. 22) only discrete range that is

allow'ed is a tyoe mark..NO T (.. 10), etc.
procedure Sort(A : in out AnArray);

n procedure Sort(A : in out AnArray) is
Temp : Component;

begin
3 for I in A'first+ I .. A'last loop

for J in A'first..I- 1 loop
I if A(I)< A(J)then

Temp := ;
I A(J) :=A ;

A() Temp;
end if;

end loop;end loop;

end Sort;

I
I
I
I
I



-- :n user program
subtype Small is integer range I.. 10;
type Age is integer range 0..1 30;
type AgeArray is array(Small) of Age;
X :AgeArray := (8,0,9,4,50,35,87,97,1,124):

procedure AgeSort is new
Sort(Index= >Smal I,

Component= >Age,
AnArray= >AgeArray):

.. AgeSort(X);



II Unconstrained Array Type
I . Parameters

1 E0 type identifier is array( typemnarkrange <>,
... , tipemark range <>) of joemark,

I El matches any unconstrained array where:
1) number of dimensions the same

* 2) subtype of index for corresponding
dimensions is the same

3) component types matchI
El attributes defined are those available for

1 unconstrained arrays such as 'first(n),
'last(n), 'range(n), 'length(n)

0 operations defined include those available
for unconstrained arrays such as =, :-=,
using slice notation (for one dimensional
typearrays)I

I
I
I
I
I



Unconstrained Array Type
Parameters
An Example

generic
type Index is range o;
type Component is range >;
type AnArray is array(Index range <>) of

Component;
procedure Sort(A : in out AnArray);
procedure Sort(A : in out AnArray) is

Temp : Component;
begin

for I in A'First+ I .. A'Last loop
for J in A'First .. I-I loop

if A(1)< A(J) then
Temp :A(J);
A(J) := ();
A(I) := Temp;

end if;
end loop;

end Iaop;
end Sc -; i



I
I

I -- in user's program

* type Age is range 0.. 130;
type EmployeeNumber is range L..100;
type EmpList is array(EmployeeNumber range K>)

* of Age;
procedure EmployeeAgeSort is new

I Sort (Index= >Emp 1oyeeNumb er,
Component= >Age,

I AnA rray= >Emp List);

I Employees EmpList(5..50)'= (.

I
* . EmployeeAgeSort(Employees);.I
I
I
I
I
I
I
I



Private Type Parameters

[ type identifier is private;

0 matches any constrained type except a
limited type

El operations available are only declaring
objects of the type, testing for equality
and inequality, and assigning values to
objects of the type



I
I
I
I

Private Type Parameters
| .An Example

generic
type Index is (<);

i type Component is private;
type AnArray is array(Index) of Component;

i function Found(A : AnArray; T: Component)
return boolean;

i function Found(A : AnArray; T: Component)
return boolean is

i begin
for I in A'First..A'Last loop

if A() = T then
3 return TRUE;

end if;
I end loop;

return FALSE;
i end Found;
I
I
I
I



-- in user's program

type Student is (JoanJohn,Sue,...,Debbie);
type Grade is range 0.. 100;
type GradeArray is array(Student) of Grade:,
function GradeMade is new

Found (Index= >Student,
Component= >Grade,
AnArray= >GradeA rray);

Grades GradeArray ... );

. if GradeMade(Grades,100) then ...



Private Type Parameters cont.
I and
* Restrictions Imposed

I What's wrong here?

1 generic
3 type Index is (o);

type Component is private;
i type IntLArray is array(Index) of Component;

procedure SortuArray(Arr : in out IntLArray);

procedure SortArray(Arr : in out IntArray) is
Temp : Component;

i begin
for I in Index'Succ(Arr'First)..Arr'Last loop

I for J in Arr'First..Index'Pred(1) loop
if Arr(I) < Ar(J) then

i Temp :- Arr(J);
Arr(J) :- Arr(I);

Arr(I) := Temp;
* end if;

end loop;
U end loop;

end Sort-Array;

I
I
U



-- in user's program

type Student is (Joan,John,Sue,...,Debbie);
type Grade is range 0.. I00;
type GradeArray is array(Student) of Grade;
function GradeMade is new

Found (Index= >Student,
Component= >Grade,
AnA rray= >Grad eA rray);

Grades : GradeArray "= ...

if GradeMade(Grades, 100) then ...



I
] Private Type Parameters

Another Caution

l What's wrong here?

l generic
type Element is private;

I procedure Swap(X,Y : in out Element);

I procedure Swap(X,Y : in out Element) is
Temp Element;

begin
* Temp :X;

X:=Y;

SY :=Temp;
end Swap;

I
I

I -- in user's program
HerName string(..5) "Lindy";
HisName string(l..5) "Chuck";

I procedure NameSwap is new Swap(string);
I
I
I



222.222222.222...22222?????.2.2.22?????.2.222.

procedure NameoSwap(X,Y : in Out stringa) is
Temp O - OPS!

begin
Temp X;

:= Temp;
end NameSwap;



I
generic

I type Element is private;
procedure Swap(X,Y : in out Element);

procedure Swap(X,Y : in out Element) is
Temp : constant Element :- X;

* begin
X :=Y;

I Y:= Temp;
end Swap:

procedure NameSwap(X,Y : in out string) is
I Temp : X;tI ri :=

* begin
X:=Y;

SY :=Temp;
end NameSwap;I

I
I
U
I
I
I



Limited Private Type Parameters

O matches any type including a limited
type

0 only declaration of objects of the type
permitted and NOTHING else

I

mm tni nmNII nm N mMI mP m mI



| Access Type Parameters
I

0 matches any access type

0 operations defined for access types
available such as setting object to null,
use of NEW allocator, use of .ALL notation

I
I
I
I
I
I
I
I
I
I
I
I
I



Access Type Parameters
An Example

aeneric
type Node is private;
type Link is access Node;

package List is

end List;

type STudent;
type StudentPointer is access Student;
type STudent is
record

Ne xtSudent, PriorStude nt Studeo -ii Po)
Name str'ng( ..20 "
Aoe 'integer;I

end record;

package StudentPackage is new
List(Node=>Student, Link=>StudentPointer);



I
Generic Formal Type Parameters

A Synopsis
I

* type T is limited private; any type
type T is private; any non-limited type

I type T is (<>); any discrete type
type T is range<>; any integer type

type T is digits o; any float type
* type T is delta <>; any fixed point type

I
U
1
U
I
I
I
I
I

I I. aKe from Ada Language and Methodologyv by Watt. Wichman,
and Findla-,1,I



Type Parameters
and

The Standard Generic 1O Packages

package TextIO is
... non- generic part of TextIO
generic

type NUM is range <>;
package IntegerIO is

end IntegerilO;

generic
type NUM is digits <>;

package FloatIO is

end FloatIO;

generic
type NUM is delta >;

package FixedIO is

end Fixed&l0;

generic
type ENUM is (<);

package EnumerationIO is

end Enumeration_10;
end TextIO:



H Ho D o I C ho oSe??

* type X i-s digits ,q

* tpeis runge * 7 7k typ e Xs i S

* tpe is limited pvale:



Subprogram Parameters
An Example

generic
type Index is (o);
type Component is private;
type IntLArray is array(Index range <>) of

Component;
with function "<" (X,Y:Component)

return boolean;
procedure SortuArray(Arr : in out IntArray);

procedure SortArray(Arr : in out Int.Array) is
Temp : Component;

begin
for I in Index'Succ(Arr'First)..Arr'Last loop
for J in Arr'First..Index'Pred() loop

if Arr(l)< Ar(J) then
Temp :- ArrT)
A rt J) :=A . (])

Arr(i) := Temp;
end if;

end loop;
end loop;

end SortArray;



Generic Formal Type Parameters
How To Choose?U

I
El What operations are performed on the

type in the generic body?

0 How restrictive on the type that the user
I can choose do you want to be?

I
I
I'
I
I
I
I
I

I
U
I
I



Subprogram Parameters

E allow definition and "pass in" of
additional operations for generic
formal type parameters - especially
private and limited private types

0 can pass functions or procedures

0 formal parameters of generic formal
subprogram parameter are checked to
ensure match with actual parameters
in a call to that subprogram at compile
time



I
I

* Subprogram Parameters

I

U StudentRec

I 1 A~ge QPR KtY

I 1 J3 123
*17~ 7.8Z4
* 19 19678

20 12.7 4 i2

2 3.3 1;7 1

21 3.O 627
20 2.6 897
I N

II



Subprogram Parameters - cont.

type Anindex is range L 1 00;

type Stilud-entRec is record
Age .natural,
QPR float;
StudentNumber :natural

end record;

type Student. rray is array(A nlndex range <>) of Studer-tRec,

I urct~on LT(X,Y: St, dent ec) return boolean is

begin
return X.StudentNumber < Y.StudentNurnber,-

end LT,

function- "<"(.X~ , S~udentRec) return boolear, is
b egi .n

ret u rn X.QP R <Y.vR

ericr~rl s e

procedure Q?R..Sxt, is' ewSt.A-ay
(Inciex=>AnIncie%, C''omPonent=>StudentRec,
An~trray=>Studeratk-rai, "< =>

StudentData -StudentArray( 1-.30) (
begin

NumberSort(S' udentData);-

end,



I
Subprogram Parameters

and
i Default Values
I

generic
i type Index is (o);

type Component is private;
type IntArray is array(Index range o) of

Component;
with function "<"(X,Y:Component)

return boolean I@ );
procedure SortArray(Arr : in out AnArray):

I |--in user's program

function "<"(X,Y : StudentRec) return boolean is
* begin

return X.QPR < Y.QPR:
I end "< ";

i procedure DefaultSort is new SortArray
(Index= >Anlndex, Component= >StudentRec,

AnArray= >StudentArray);
I

. DefaultSort(StudentData);-- will sort on
-- QPR values

I



Subprogram Parameters
and

Default Values

-- in user's program

function LessThan(XY : StudentRec) return
boolean is

begin
return X.QPR <Y.QPR;

end LessThan;

generic
type Index is (o);
type Componrent is private;
type InL-Array is array(Index range <)of

Component;
with function "e'(X,Y:CcP0nent1

ret-urn boolean I
pr-oceedure Sor-Arrav(Ar- in out AnArravyk

procedure DefaultScl-t is new SrtAr-ray
(nd ex= >AnInd ex, Comnponent= >Stud entRec ,
A n.Array= >Stud entA rray);

Def aul tSort (Stud entData); -- will sort on
-QPR values



I
Subprogram Parameters

and
I Default Values cont.

Another example:I
type SmaIIRange is range I.. 10;

I type Values is array(SmallRange range <>) of
integer;

procedure IntegerSort is new SortLArray
(Index- >SmallRange, Component- >integer,

5 IntArray->Values);

I
V : Values(5..9):= .... );

I begin
IntegerSort(V); -- default "<" for integers used

end;

I -- using Put for subprogram parameter name
-- results in default to generic Put routines
-- in the 10 packages

I
I
I
I



Subprogram Parameters
and

Subtleties of Default Values

0 Global references inside a generic are
resolved to those at point of DECLARATION.

0 For subprogram parameters, default
references resolve to matching names from
point of INSTANTIATION.



NAMING CONFUSION

with Text 10; use TextIO;3 procedure Doubles is

generic
with procedure - - ,mi Char : in character);
with procedure ((Value: in integer);

procedure GenericOne;
procedure Genericone is

begin
DoSomething('A');
DoSomething(10);

end GenericOne;

procedure FirstSomething(Char : in character) is
begin

null;
end FirstSomething;

3 procedure SecondSomething(Char in integer) is
begin

null;
end SecondSomething;

procedure InstanceOfGenericOne is new
GenericOne ,- >FirstSoething,_ > Sec ondSo mething):

begin
InstanceOfGenericOne;

end Doubles;

I

I p



with TextuIO; use TextulO;
package Shell is

Global : integer :- 17;
generic

with procedure Put(Val :integer) is o;
procedure Demo;

end Shell;

package body Shell is
procedure Demo is
begin

Put(Global);
end Demo;

end Shell;

with Shell;
package Inner is

Global : integer := 39;
procedure Put(I : integer);

procedure User is new Shell.Demo;
end Inner;

with TexLIO:
package body inner is

procedure Put(I : integer) is
begin

TextIO.Put("Sur-irise" & integer' image(1));
end Put;

end Inner;

... Inner.User; ...



I Subprogram Parameters
and

Nesting Generic Units
* An Example
I

generic
type KeyType is private;

* type ElementType is private;
with function "<"(Left,Right : KeyType)

return boolean is <.;
package BinaryTreeMaker is

* type Kind is private;
function Make return Kind;

i function IsEmpty(T : Kind) return boolean:
procedure Insert(T : in out Kind;

K : KeyType;
E : ElementType);

function Retrieve(T : Kind; K : KeyType)
3 return ElementType;

KeyNotFound : exception;

generic
with procedure Operation(K : KeyType;

* E : ElementType);
procedure InorderTraverse(TheTree: in Kind);

3 private
type InternalRecord;

I type Kind is access InternalRecord;
end BinaryTreeMaker;



with Emp loyeeDataBase; use Einp loyeeDatau~ase;
with Text-JO; use Text-1O;
procedure PrintReports is

package SalarylO is new Fixed..JO(Dollar);
package AgelO is new Integer-1iO(AgeType);
use SalafylO, AgelO;

procedure PrintSala-ry(Key : NameType:
Info : Enployee.Lnfo) is

begin
... Put(Info.Salary);

end;

procedure Print Age(Key NameType;
Info :Employeelnfo) is

begin
... Put(Info.Age);

end;

proced.ure ReportSalaries is -nevw-
Employee'ree.lInorader'iraverse

(Operation-\ PrintSalary);

procedure ReportAge is new
Emp IloyeeTree. Inord erTravers e

(Operation=> PrintAge);
begin

RePportSalaries (RootN ode);
New Line;
ReportAges(RootNode);

end PrintReports;



Uwithl BinaryTreeMak~,,er;
I package EmployeeDataBase is

NameLengfth : constant := 40;
I subtype NameType is string(l1.NameTength);

type Dollar is delta 0.0 1 range 0.0..lI.OeS:
I type AgeType is range 0 .. 150;

type YearType is range 1 900..2 100;
type EmployeeInfo is record

I Salary : Dollar;
Age : AgeType;

I Hired : YearType;
efnd record;.

package EmployeeTree is new
I BinaryTreeMaker(KeyType->Name'lype,
* ElementType=>EmployeeInfo);

* RootNode : ErnployeeTree.Kind,
end ErnployeeDataBase;

[TIaken fl-om Understanding A,.d-- lby B'ray and Poihrassj



Subprogram Parameters
and

Handling Exceptions

generic
package Stack is

... same as before

Overflow, Underflow : exception;
end Stack;

-- in user's program

package S1 is new Stack;
package S2 is new Stack;

begin
SI.Push(5);
S2.Pop(Item'i:

excep tio r
when SL.Unleflw =>

when SI.Overflow =>.
when S2.Underflow =>...;
when S2.Overf low =>..

end;

I



I Subprogram Parameters
and

Handling Exceptions cont.

0 Cannot pass exceptions as generic parameter

generic
When-Error : exception; -- NOT allowed

0* .

procedure X...

I excepti on
when others => raise When-_Error;

end X;
I

* My -Exception : exception;
procedure S is new X(MyException);

begin

S;
exception

when My-Exception => ... ; -- NOT allowed
end;

I
I
I



Subprogram Parameters
and

Handling Exceptions cont.

generic
with procedure OverflowHandler;

package Stack is
&.. same as before;

end Stack;

package body Stack is

0.. in Push procedure...
when ConstraintLError => OverflowHandler; I

end Stack;

-- in user program
with Stack;

procedure OverflowHandler is
begin

TextIO.PutLline("Overflow has occurred "K
end OverflowHandler;

package SI is new Stack(OverflowHandler);

begin

S I.Push(5); -- if overflow occurs rnsg prints
end;



I

U Generic Can'tsI

I 0 No generic SUBtype parameters, only TYPEs

SF0 No generic record types

[f No generic tasksI
- Wrap a package around itI

I ". .. Ada provides formal types for all
classes of type @sg@@2D gg@& I smnja a g

* types. The major reason for this is that
it is not clear that reasonable criteria for

* matching exist for these type classes -
criteria that would be consistent with the

I degree of type checking performed
elsewhere, yet at the same time have a good
probability of being usable for many actual

! record types and task types." LRM 12.4.2

I
I
I
I
I



g e ric piae
LVL'e- ILem isprvae

Sie Positive :=400;
pac.-kage On-Buffers is

tas pyr, Bu ff% is
ent)ry Pead(C out Item);
entry Write(C :in Item);

end;
end O~fes

p alle bo^dy, Or, fers is,
ty-pe L engtbh is niewv. Integer ranqe 1 Sie;

aip Vector ics Fnray(l ength rangec <>) of litm;

Poc. Vector( 1 Size);-
r)oirn- Natura' 0';

hnrindjex, OuL'-nde-,- Length 1
Li U 1

\Ah CI!-

a cce p t Wr ite( C: in itemn) do
Poo~in-Index) :=C;

end;
in-Index :=(in-Idex mod Size), + 1;

or



, when Count >0 =

I accept Read(C out Item) do
C := Pool(OutIndex);

I end;
OutIndex (OutIndex mod Size) + 1;

I Count := Count - 1;
I or

terminate;

end select;
end loop;

I end Eiuffer;
end On.Buffers;

I

package CharacterBuffering is new
I! OnBuffers(Item=>character, Size=> 100);

I A-uffer : Character__huffering.fuffer;

I
I
I
I

* [Taken from Ada Pationale]

I- I Illl ll~II I I / I I
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U Generic Formal Paramneters

* Statiicae

I (3Generic formal parameters and their
if atrib-utes NOT allowed constituents
of static ex pressions,

11 No use in case alternatives, type ranges,
r!ail OLll. -c (S~lII,~ ee LIM

1~ 9)

*X integer;
procedure Choicae(Vai, integer);
proced-ure Coc(s tgri

ien
I case Val is

vvh e r X 11 - a fleg sage
wvhen others =

end ca Se;
U end Choice;

procedure Testinstlance is new Choice(X=5)
be r4,n

I~~ est?~n stan ce(val=>)
C I0d;



Generic Formal Par-ameters
and

Static Uses (contInued)

declare
generic

V 4.
A :InLeger;

package More-illegal-UseCs iS
type Length is range 1 .. X
typeo Precision is djiftS X;

Hcons--tant:=X
end M'ore-iiegai_-Uses,

package S is new flore-IfIlgaL-Uses(3);

b egai



What are the Cons of Generics?

i

El Takes longer/is harder to write generic code

* L0 Usually some efficiency sacrificed for
the generality -- use of application

I specifics could lead to increased efficiency

I UI Difficult to make component robust/reliable
enough to survive all uses

I
I
I
I
I
I
I
I
I
I
I
I



What are the Pros of generics?

I Reusability - no reinventing the wheel
for each specific application

LI Levels of abstraction added - separation
of abstraction and implementation

[0 Source code size of user programs reduced
[0 Maintainability, readability, and

understandability increased
[3 Verification more manageable

0 When used in conjunction with user-defined
types increases portability across machines

0 Provides necessary answer to strong typing
without sacrificing increased reliability of
compile time checks

_ Provi .es flexible 10 packages which can
be used .f needed for predefined AND

user-def ined types



I Generics Plhilosophy
* (From Ada Rationale)

.. Wvhereas such packages are likely
Lo be utilIized b-y LARGE classes of USERS,

Iit should be realized t 4 a * FEWVER
prog~ralImmers will ac-ually,, be involved in

1 WRITING greneric. paclkages. Accordingly
we have,.o ?%ried to d es i gn a f a c Iiit tha t c a
be al.mos t ignored bNy the ma~ority of user s
Thney m.1ust indeed knowow to ins- tantiate
a generic package, and this Is fairly, easy.

IOnl theC otlher hand1, they need not be
famil11iar with the rules and precauti'onLs

I necessarv for writingT generic unts.

II



R ationale for Generics

0 Construction of 'general-purpose
t-. t_ .j I V - kI j

paraet.riled packaceo t.rocedure and
functions

.Units to be used by large classes of users

U Fewer programmers actually involved in
writing generic units

SGeneric fc iityV can be i,nored by
majority of Ada users

, sn t rs nr-, Peed know,:i how to
La -, , -- , :., r u niin t..ae r~q . .' r- C

0l A r e ccn 'Le. -, , e. , de ,, ns

macro -expans-''

U Jntrod'ces m n,,,m1 a In 6.i; Iftl : rur&e

I \,.'eij impiementabie withn ste of art

I



I
I
I More on the Generic Model

,,n Users of aeneritc units should be able to
iqnore details of generic body entirelv

l Errors should be reported to user in
terms of the instantiation not bodyI

1l Generic body checked for consistency
I with respect to formal parameter

specifications

I
I
I
I
I
I
I
I
I
I



Unresolved Issues in Generics

0 Compiler Issues

0 Use "code sharing" or "code copying" to
implement generics

" Management Issues

E How to facilitate creation of generic units
L, In retrospect, after recognizing

similarity in produced units
5 Beforehand using "domain analysis"

l How to manage storage and retrieval
of units in a library of generic units

E How to "publicize" availability of
units in generic library and provide
criterion for selecting proper unit

fl How to manage updating of used generic
units as "bugs" are uncovered

0 Legal Issues

D Who owns the generic module

0 Who is liable for the generic module's
performance

" _,-'_:. . T', i -,,., :=.=.="-<' rd ,zf ,4- "=. ,;,. ''-'
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How do you TEACH generics?

0l Necessary as 10 is an issue arisin early
and should not be kept a "magic" process

[ One key is to use concrete examples

U Driver's licence form is a generic
template -- individual's license is
a usable instantiation

[I One key is to tie to previous learning

U Use old/familiar packages, procedures,
and functions - Stacks, Swap, etc.



Iwith Text_IC, Binary_Search Trees; use Text_10;
procedure MidTree is

type AlphaType is range 1..4000;I type CompanyType is range 1.. 36;
subtype NameType is string(l. .20);
subtype MajorType is string(2..4);

type MidRec is record
Alpha :AlphaType;
Name :NameType;
Company :CompanyType;
Major :MajorType;3 end record;

package AiphaIO is new Integer_I0(AlphaType);
package CompanylD is new Integer_I0(CompanyType);I use AiphaIO, CompanylO;

MidFile :File_Type;

IMRec : iec
package MidTreePkg is new Binary SearchTrees(Itemtype=>MidRec);I use MidTreePkg;

MidshipmanTree :Tree;

I function "<"(Lefft,Right :in MidRec) return boolean is
begin

I eturn" Lefft.Name < Right.Name;

procedure Add is new Insert("<"=>"<");

procedure Print(M :in out MidRec) is
beginU end _Line(X.Nane);

edPrint;

3 procedure Naneist is new LNT Traversal %'isit=>Print);

begin
Open(Mid~ile,mnF.l, "sys$fac: £moran.playjmids.dat");I while NOT end cf_Kile(MidFile) loop

Get(MidFile,Mec.Alpha);

Get(MidFile,MRec.Company);I Get(MidFile,M'.ec.Maj or);
SkipLine(MidFile);
Add(MidshipmanTree,Mec);

Close (MidFile)n;op

3 NameList (MidshipmanTree);
end;



with TextIC1, Binary_SearchTrees; use Text 10;
procedure MoviesTree is

type CategoryType is (AD, DR, CL, SF, MU, MY);
subtype IDType is string(1. .5);
subtype LengthType is integer range 0. .300;
subtype YearType is integer range 1800. .1988;
type RatingType is (PG,R,G,NR);
subtype TitleType is string(l. .80);

type MovieRec is record
Category :CategoryType;
ID :IDType;
Length :LengthType;
Rating :RatingType;
Year :YearType;
Title : Titletype;

end record;

package IntID is new Integer_IO~integer);
package CategoryIO is new EnumerationI0(CategoryType);
package Ratinglo is new EnumerationI0(RatingType);
use IntIC, CategoryIO, RatinglO;

MovieFile :FileType;

MRec :MovieRec;
Filler :character;
Count :natural;
Temp :string(l..80);
Blanks :string(l..80) :=(others=>' ');
Commando, BearIsland, Daniel, Flashpoint, MassAppeal :MovieRec;

package MovieTreePkg is new Binary Search_Trees(Itemtype=>MovieRecl;
use MovieTreePkg;

MovieTree :Tree;

function "<"(Left,Right :in. MovieRe=) return boolean is
begin

return Left.Tit.e < Right.Titie;
end "<";

functicnE Q(Lef=,PRighr: in MovieRec) return boocear. is
begin

return Left.Title = Right.Title;
end EQ;

procedure Add is new InsertByKey("<"=>"<");*

procedure Print(M :in out MovieRec) is
begin

PutLine(M.TitlE);
end Pr"int;

procedure NameList is new LNRTraversallVisit=>Print);

procedure Remove is new RemoveByKey("<"=>"< t ,EQ=>EQ) ;

begin
Comando.Title := Blanks;



Daniel.Title(l..6) :- "Daniel";I Flashpoint.Title :- Blanks;
Flashpoint.Title(l. .10) :- "Flashpoint";
MassAppeal.Title :- Blanks;
MassAppeal.Title(l. .11) :-"Mass Appeal";

Open(MovieFile,InFile,"movies .dat");
while NOT end of file(MovieFile) loopI Get (MovieFile,MRec. Category);

Get (MovieFile,Filler);
Get (MovieFile, MRec. ID);
Get (MovieFile,Filler);
Get (MovieFile ,M~ec. Length) ;
Get (MovieFile,Filler);
Get (MovieFile, I~ec. Rating);I Get (MovieFile,Filler);
Get(MovieFile,MRec.Year);
Get (MovieFile, Filler) ;
Get_Line(MovieFile,Temp,Count);U MRec.Title :=Blanks;
MRec.Title(l..Count) :=Temp(l..Count);
Add (MovieTree, MRec);

end loop;
Close (MovieFile);

I NameList (MovieTree);
Remove (MovieTree, Bearlsland);
Remove (MovieTree, Daniel);
Remove (MovieTree, Flashpoint);
Remove (MovieTree, MassAppeal);
Remove (MovieTree, Commando);
NameList (MovieTree);

end;



generic
type ItemType is private;

package Binary_SearchTrees is

type Tree is private;

generic
with function "<"(Left,Right : in Itemtype) return boolean is <>;

procedure :nsertByKey(T : in out Tree; Item : in Itemtype);

generic
with procedure Visit(Item : in out Itemtype);

procedure NLRTraversal(T : in Tree);

generic
with procedure Visit(Item : in out Itemtype);

procedure LNR_Traversal(T : in Tree);

generic
with procedure Visit(Item : in out Itemtype);

procedure LRNTraversal(T : in Tree);

procedure Share(OriginalTree : in Tree; SharingTree out Tree);

procedure Clear(T : out Tree);

generic
with function EQ(Left,Right : in Itemtype) return boolean;
with function "<"(Left,Right : in Itemtype) return boolean;

procedure RemoveByKey(T : in out Tree; Item : in Itemtype);

function LeftSon(T in Tree) return Tree;

function RightSon(T in Tree; return Tree;

functi n .sErpty(T : in Tree) return boclean;

function GWtRootData(T : in Tree) return itemType;

our Cf Mencry : exception;
NUL. Tree : exception;

type TreeScructure;
type Tree is access TreeStructure;

end BinarySearchTrees;

package body BinarySearchTrees is

type TreeStructure is record
Item : Itemtype;
LeftSon : Tree null;
RightSon : Tree null;

end record;

procedure InsertByKey(T : in out Tree; Item in Itemtype) ir
begin

if T = null then
-- found leaf position where Item to be inserted
-- create new leaf and insert it



else
-- go down right subtree
InsertByKey(T.RightSon,Item);

end if;

exception
when Storage_Error => raise OutOfMemory;

end InsertByKey;

procedure NLRTraversal(T : in Tree) is
begin

if T /= null then
Visit (T. Item) ;
NLRTraversal (T.LeftSon);
NLR-Traversal(T.RightSon);

end if;
end NLRTraversal;

procedure LNRTraversal(T : in Tree) is
begin

if T /= null then
LNRTraversal(T.LeftSon);
Visit(T.Item);
LNRTraversal(T.RightSon);

end if;
end LNRTraversal;

procedure LRNTraversal(T : in Tree) isbegin
if T /= null then

LRN Traversal (T.LeftSon);
LRNTraversal(T.RightSon);
Visit(T.Item);

end if;
end LRNTraversal;

procedure Share(OriginalTree : in Tree; SharingTree out Tree) is
begin

SharingTree := OriginalTree;
end Share;

procedure lear(T : out Tree) is
begin

T := null;
end Clear;

procedure RemoveByKey(T : in out Tree; Item in ItemType) is
Father, ReplacerentItem : Tree;

I begin
if T = null then

-- do nothing... item not in the tree
null;

elsif EQ(Item, T.Item) then
if (T.RightSon=null) and (T.LeftSon=null) then

-- item is a leaf... no reattachment of children necessary
T := null;

else -- item not a leaf
-- go left and then right as far as possible to find
-- replacement "value" to put in deleted place
if T.LeftSon /= null then

Father := T;
ReplacementItem : T.LeftSon;



-- transfer replacement value up into position
T.Item := Replacementltem. Item;
-- reattach children of replacement value that
-- was pulled up
if Father = T then

T.LeftSon := ReplacementItem. LeftSon;
else

Father.RightSon := ReplacementItem. LeftSon;
end if;

else
-- go right and then left as far as possible t- find
-- replacement "value" to put in deleted place
Father := T;
ReplacementItem := T.RightSon;
while ReplacementItem.LeftSon /= null loop

Father := ReplacementItem;
ReplacementItem := ReplacementItem. LeftSon

end loop;
-- transfer replacement value up into position
T.Item := ReplacementItem.Item;
-- reattach children of replacement value that
-- was pulled up
if Father = T then

T.RightSon := ReplacementItem. RightSon;
else

Father. LeftSon := ReplacementItem. RightSon;
end if;

end if;
end if;

elsif Item < T.Item then
-- go down left subtree
RemoveByKey(T.LeftSon,Item);

else
-- go down right subtree
RemoveByKey(T.RightSon,Item);

end if;
end RemoveByKey;

function LeftSon(T : in Tree) return Tree is
begin

if T = null then
raise NullTree;

else
return T.LeftSon;

enf if;

end Left Son;

function RichtSon(T : in Tree' return Tree is
begin

if T = null then
raise NullTree;

else
return T.RightSon;

end if;
end Right-Son;

function IsEmpty(T : in Tree) return boolean is
begin

return T = null;
end IsErpty;

function GetRootData(T : in Tree) return ItenTvne is



return T.Item;
end if;I

end GetRootData;

end BinarySearchTrees;

I
I
U
I
I
I
I
I
I
I
I
I
I
U
I
I
I



with Lists, Text_10; use Text_10I;
procedure Movies~ist is

type CategoryType is (AD, DR, CL, SF, MU, MY);
subtype ID'.7ype is string(1. .5);
subtype LengthType is integer range 0. .300;
subtype YearType is integer range 1800. .1988;
type RatingType is (PG,R,G,NR);
subtype TitleType is string(l. .80);

type MovieRec is record
Category :Category".ype;
ID :IDType;
Length :LengthType;
Rating :RatingType;
Year :YearType;
Title :Titletype;

end record;

package IntIO is new Integer_10 O(integer);
package CategoryIO is new Enumeration loC(Cat'-egoryType);
package Ratingla is new Enumeration_IO (RatingType);
use IntIO, CategoryIO, RatingIO;

MovieFile :File-Type;

Mec :MovieRec;
Filler :character;
Count :natural;
Temm string(l..80);
B-Lanks :string(l..80) :=(others=>' 1);

function Get -Title (Movie :MovieRec) return Titletype;
function "<"(Left, Right :TitleType) return boolean;
function EQ(LeFt'-, Right :TitleType) return boolean;

package Movis.TistPkg is new Lists (1te=>Movi~eRec,
KeyTvpe=>Tit-leType,
Key=>GetTitle,

use MX-vieListPkz-;

MovieList :ListPointer;

functicn Get -- Title(Movie :MovieRec) return Titleype is

return Movie.Title;
end GetTitle;

function "<"(Left, Right TitleType) return boolean is
begin

return Left < Right;
end 11<1;

function EQ(Left,Right TitleType) return boclean 's
begin

return Left = Right;
end EQ;

begin
Open(Movi'eFile,InFile,"novi'es.datl);



Get (MovieFile, Fil'ler);
Get (MovieFile,Mec. Length);U Get (MovieFile, Filler);
Get (MovieFile,M!.ec.Rating);
Get (MovieFile, Filler);
Get(MovieFile,MRec.Year);
Get (MovieFile, Filler) ;
GetLine(MovieFile,Temp,Count);I MRec.Title := Blanks;
MRec.Title(l..Count) :=Temp(l..Count);
Put (MRec.Title(l. .Count%-));
InsertlnOrderlnList (MovieList, MRec);

end loop;
Close (MovieFile);

* end;



-Module :Lists
-Author : LCDR MORAN
-Date : 29 SEP 1987
-Function :Implements basic operations on a singly linked list.

generic
type Item is private;
type KeyType is private;

with function Key(An~tem : item) return KeyType;
with function LE(Keyl, Key2 :KeyType) return oo-ean;
with function EQ(Kel:. Key2 :KeyType) return bco-lean;

package Lists is

subtype Count is nat---

type ListPointer i. rv~

procedure Copy(PointerToOriginalList :in ListPointer;
PointerToCopyList :out ListPointer);

procedure Clear(PointerToTheLis-t in out L-stPointer);

procedure Share (PointerTooriginalList,
PcinterToSharingList :in out ListPointer);

procedure InsertAtHeadOfList6-(PointerToTheListL in out ListPointer;
TheltemToBelnserted in Item);

procedure InsertAt *TailOfList(Point erTolmhe TiSt- in out ListPointer:
TheltemToBelnsertCed in Item);

procedure Insertl--nOrderlnList (Point erTolheList - in out ListPointer;
TheltCemToBelnserted :in Iter"

procedure RemoveFrom iead~fLst(P-ointerToTheLis-t :in out ListPcinte-
Removed: ter zut item);

procedure RemoveFromTailCfLi-st (Poi--;nterTzThe iT 4c inU LiStpCinter;
Renove :7er 7e'

procedure RemoveByKeyFromList(Poi nte --rlhe7 i4s t in out Li--st~ci-nter:
7 veter out item;

Kev' .aiue mnKeyType)

function AreEq-ua1(PcinterToLl, Pcinter1'o!2 : i-stPointer) return bocle-=

function IsEmpty(PointerToL ListPointer) return boolean;

function LengthOf(PointerToL ListPointer) return Count;

function Predecessor (PointerToAlist, Polnter-oAlode :ListPoInt er)
return ListPo inter;

function Suco-essor(PointerToAList, PointerToANode :ListPointer)
return ListPointer;

function GetData(PointerToANode :ListPointer) return Item;

EmptyList :exception;



i private
i type ListNode ;

type ListPointer is access ListNode;

end Lists ;

I
I
I
I
I
U
I
I
I
I
I
I
I
I
I
I
I



-Module :Lists
-Author :LCDR MORAN
-Date : 29 SEP 1987
-Function :Implements basic operations on a singly linked list.

with UncheckedDeallocation;
package body Lists is

type ListNode is record
Data :Item;
Ner:tPointer :ListPointer;

end record;

function Successor(PointerToAList, PointerToAlode ListPointer)
return ListPointer is

begin
return PointerToANode.NextPo inter;

end Successor;

function Predecessor(PointerToAList, PointerToANode ListPointer)
return ListPointer is

Prior, Temp :ListPointer :=PointerToAList;
begin

if PointerToANode = PointerToAList then
return null;

else
while Temp /= null and Temp /=PointerToANode loop

Prior := Temp;
Temp :=Temp.NextPointer;

end loop;
if Temp /= null then

return Prior;
else

return null;
end if;

end if;
end Predecessor;

function GetData(PointerToANode :ListPcinter) return item is
begin

if PointerToANode ,/= null then
return PcinterTo!Node. Data;

end if;
end GetData;

procedure Dispose is new UncheckedDeallocation(ListNode,ListPcinzer);

procedure Copy(Pa rerTooriginalList :in ListPoirnter7
PointerToCopyList :out ListPointer) is

Temp :LisoPointer :=PointerTooriginalList;
LastAddedPtr :ListPointer;
NewNodePtr :ListPointer;

begin
PointerToCopyList :=null;
while Temp, /= null loop

-- make the new node and copy the data into it
NewNodePtr := new ListNode;
NewNodePtr.Data := Temp.Data;

if Temp = PointerToOriginalList then -- add the first node
PointerToCopyList := NewNodePtr;



else -- add other than the first no
LastAddedPtr. NextPo inter : = NewNodePtr;

end if;

Temp := Temp.NextPointer; -- move to next6 node in crig. 1--
LastAddedPtr := NewNodePtr; -- keep track of last node added

end loop;

end Copy;

procedure Clear (PointerToTheList :in out ListPointer) is
bTemp, Trail :ListPointer := PointerToTheList;

while Temp 1=null loop
Trail :=Temp;I Temp :=Temp.NexctPointer;
Dispose (Trail) ;

end loop;

PointerToTheList :=null;
end Clear;

procedure Share (PointerToOriginalList,
PointerToSharingList :in out ListPointer) is

begin
PointerToSharingList :=PointerToOriginalList;

function IsEmpty(PointerToL :ListPointer) return boolean is
begin

return (PointerToL = null);
end IsEmpty;

procedure InsertAtHeadOfList(PointerToTheList :in out. ListPointer;
TheltemToBelnserted :in Item) isIPointerToNewNodeToBelnsert,.ed ListPo inter;

begin
PointerToNewNodeToBelnserted new ListNode;
Point erToNewNod eT oBelInserted. Data := Theltem~loBelnserted;
if NOT IsEmpty(Pcint6erTc"LheList -) then

Point6-erToNewNodeToBelnsert*-ed.Nextp--cintler : zns~~e~z
end if;
PointerToTheList- := PointerToNewNodeToBelnserted;

end Insert6AtHeadOfList;

procedure InsertAtTailOfList (Point&-er4"oTheList'- in out ListPointer;
TheltemToBelnserted :in Item) is

TempPointer :List-Pcinter;
PointerToNewNodeToBelnserted :ListPo inter;

begin
PointerToNewNodeToBelnserted :=new ListNode;
PointerToNewNodeToBelnserted. Data := TheltemToBelnserted;I if IsEmpty(PointerToTheList) then

InsertAtHeadOfList (PointerToTheList,,Thelt6-emToBelnserted);
else

TempPointer := PointerToTheList;
while TempPointer.NextPointer /= null
~~loop;

TempPointer := TempPointer. NextPointer;

TempPointer. NextPointer := PointerToNewNodeToBelnserted;



end if;
end InsertAtTailOfList;

procedure Inser-.InOrderlnList (PointerToTheList in out ListPointer;
TheltemToBelnserted :in Item) is

Temp, TraA' ListPointer :=PointerToTheList;
Point,-erTo".helewNodeToBelnserted : ListPointer;

begin
if IsEmpty (Pc interToTheLis-:) or else

(NOT LE (Key (PointerToTheLiist6.Data) ,Key(TheltemToBelnserted))) ther
InsertAtHeadOf List (Point6erTc" heList,TheltemToBelnser-ted);

else
while (T.emp /= null) and then

(LE (Key(Temp.Data) ,Key;(TheltemToBelnserted))) loop
Trail T= emp;
Temp :=Temp.NextPointer;

end loop;
PointerToTheNewNodeToBelnserted :=new ListNode;
PointerToTheNewNodeToBelnserted. Data := TheltemToBelnserted;
Trail.NextPointer := PointerToTheNewNodeToBelnserted;
Po interToTheNewNode" oBeIlnserted. NextPo inter := Temp;

end if;
end InsertlnOrderlnList;

procedure RemoveFrom~ieadOfList.(PointerToTheList%- in out ListPointer;
RemovedItem :out Item) is

Temp :ListPointer :=PointerToTheList%.;
begin

ilf IsEmpty(Pointer-ToTheList) then
raise EmptyList;

else
Reroveditem := PointerToTheLiLst. Data;
PointerToTheList := Po inter~loTheList .NextPo inter;
Dispo~e'Temp);*

end if;
end RemoveFromHeadOfLiSt;

procedure Reoerm:i~~s 4P e~~h~sn out ListPointer;
Rer.Icvedt4-em o utl- Item) is

TemnPcinter, PricrPcinter List? Cinter;
begin

if Isc -7mD4ty(Pci-nterTcTheList,.- then

esi Ponze~c~eis.Net~znter =null then
RenveFrc-EeadC' St (p- 4 -terToThe' 's-, Remove, :tem);

else
Tem=Pointer :=PoirnterTcTheList;
while TempPointer.NextPointer /= null
loom

P~riorPoiLnter TempPointer;
TempPointer TempPointer.NextPointer;

end loop;
RemovedItem := TempPointer.Data;
Di4spose (TempPointer);
Pri4orPointer.NextPointer :=null;I

end if;
end Re-mcveFromTailOfLi4st;

procedure Remove ByKeyFrc-mLi st4-(Po interToTheLi st :in out ListPointer;
RemovedItem :out Item;



KeyValue in ?Keytype) is
TempPointer, PriorPointer : ListPointer;

begin
if IsEmpty(PointerToTheList) then

raise EmptyList;
elsif EQ(Key (PointerToTheList. Data) ,KeyValue) then

RemoveFrom~eadOfList (PointerToTheList, RemovedItem);I else
TempPointer :=PointerToTheList;
while (TempPointer /= null) and then

loo (NOT EQ(Key(TempPointer. Data) ,KeyValue))

PriorPointer TempPointer;
TempPointer :=TempPointer. NextPointer;I end loop;

if TempPointer /=null then
RemovedItem :=TempPointer.Data;
PriorPointer. NextPointer : = TempPointer. NextPointer;U Dispose (TempPointer);

else
raise EmptyList;enIf

end if;
end RemoveByKeyFromList;

function AreEqual(PointerToLl, PointerToL2 :ListPointer) return boolean i
TempPointerToLl : ListPointer :=PointerToLl;
TempPointerToL2 :ListPointer :=PointerToL2;U begin
while (TempPointerToLl.Data = TempPointerToL2.Data) and

lop(TempPointerToL. /= null) and (TempPointerToL2 /= null)Ueponk.e~~ loopntroI.etoitr
TempPointerToL2 TempPointerToLl NextPo inter;

I end loop;
if(TempPointerToLl =null) and (TempPointerToLJ2 = null) then
return true;

elIsif (TempPointerToLl =null) and (TempPointerToll.2 7null) then
return false;

elsif (T-empPcinte=-TcLl / null) and (TempPoi4nterrrhL2 m:n11) then

rleeturn false;

return (TempPointerToLl.Data =TempPointerToL2.Data);
end if;

end AreEqual;

function LengthOf(PointerToL ListPointer) return Count is
TempPointer : ListPointer PointerToL;
Length : Count := 0;

begin
while TempPointer /= nullI loop

Length :=Length + 1;
TempPo inter := TempPo inter. NextPo inter;I end loop;

return Length;
end LengthOf;

end Lists;



with Lists;
package Polynomials is

subtype CoefficientType is integer;
subtype ExponentType is integer;

type Term is record
Coefficient : CoefficientType;
Exponent : ExponentType;

end record;

function ExponentValue(ATerm : Term) return ExponentType;

function LE(Exponentl, Exponent2 : ExponentType) return boolean;

function EQ(Exponentl, Exponent2 : ExponentType) return boolean;

package PolynomialLists is new Lists (Item=>Term,KeyType=>ExponentTvpe,
LE => LE, EQ => EQ,
Key => ExponentValue);

use PolynomialLists;

subtype Polynomial is ListPointer;

function CreatePolynomial(InputFile : string) return Polynomial;

function "+"(PI,P2 : Polynomial) return Polynomial;

procedure Put(P : in Polynomial);

end Polynomials;



with Text_10; use Text_10;

packcage body Polynomials is

function NoMoreTerms(P :Polynomial) return boolean renames

PolynomialLists .IsEmpty;

function TermValue(P :Polynomial) return Term renames
PolynomialLists.GetData;

procedure AddTermToPolynomial(P :in out Polynomial; ATerm in Term)
renames PolynomialLists. Insertl-nOrderlnList;

function MoreTerms(P :Polynomial) return boolean is
beginI return NOT (NoMoreTerms(P));
end MoreTerms;

function ExponentValue(ATerm. Term) return ExponentType is
begin

return ATerm. Exponent;
end ExponentValue;

function CoefficientValue(ATerm :Term) return CoefficientType is
begin

return ATerm. Coefficient;

end CoefficientValue;

function LE(Exponentl, Exponent2 :ExponentType) return boolean isI begin
return Exponenti <= Exponent2;

end LE;

function EQ(Exponentl, Exponent%.2 :ExponentType) return boolean is
beg in

return Exponentl = Exponent2

end EQ;

function CreatePolynomi4al(m-n~utLF-i-e :string), rez:urn ?-::ynomiai is
A-Term. Term;
PolvnomialFile : file_tvpe;
P :Po-,-vnomia-z;
package mt0is new I-nteger_ :(i nt:eger)
use 1-tI0;

begi-n
Open(PolynomalFile,In File,InputFile);
while NOT end-of-file(P olynomialFile)
loop

Get (PolynomialFile, ATer-m. Coefficient.,;I Get (PolynomialFile,ATerm. Ex.ponent);
if ATerm.Coefficient /= 0 then

AddTermToPolynomial (P,ATer-m);
end if;

end loop;
return P;

exception
when NameError=>Put_Line("IERROR - Nonexistent file");
when DataError=>PutLine("IERROR - Data error in file");3 end CreatePolynomial;

function "'+"(Pl,P2 :Polynomial) return Polynomial is



Tempi Polynomial PI;
Temp2 :Polynomial P2;
Sum :Polynomial;
Tail :Polynomial;

begin
if IsEmpty(Fl) then

Copy (P2 ,Sum) ;
elsif IsEmpty(P2) then

Copy (P1, Sum) ;
else

while (MoreTerms (Templ) and MoreTerms (Temp2))
loop

while (MoreTerms(Templ) and MoreTerms(Temp2)) and then
(ExponentValue (TermValue (Templ) )=ExponentValue (TermValue (Temp2)

loop
if (CoefficientValue(TermValue(Templ)) +

CoefficientValue(TermValue(Temp2))) /= 0 then
AddTermToPolynomial (Sum, (CoefficientValue (TermValue (Tempi))

+CoefficientValue (TermValue (Temp2)).
ExponentValue(TermValue(Tempi))));

end if;
Templ Successor(Pl,Templ);
Temp2 Successor(P2,Temp2);

end loop;

while (MoreTerms(Templ) and MoreTerms(Temp2)) and then
(ExponentValue (TermValue (Tempi) )<ExponentValue (TermValue (Temp2),

loop
AddTermToPolynomial (Sum, (CoefficientValue (TermValue (Tempi)),

ExponentValue(TermValue(Templ))));
Templ :=Successor(Pl,Templ);

end loop;

while (MoreTerms(Templ) and MoreTerms(Temp2)) and then
(ExponentValue (TermValue (Temp2) )<ExponentValue (TermValue (Tempi;,

loop
AddTermToPolynomial.(Sum, (CoefficientValue(TernValue (Te.'p2)),

ExponentValue (TermValue (Temp2))));
Temp2 :=Successor(P2,Temp2);

end loop;
end loop;

end if;

if MorermsemQp) then'
Tempi : Temp2;

end M;
while MzreTerms(Templ) loop

AddTermToPolynonial(Sum, (CoefficientValue(TermValue(Templ)),
ExponentValue(TermValue(Templ))));

Ternpl :=Successor(Pl,Templ);
end loop;

return Sum;
end I.;

procedure Put(P :in Polynomial) is
Tenp :Polynomial :=P;
package Int_-10 is new IntegerIO(integer);
use IntIC;

begin



while MoreTer-ms(Temp) loop
if CoefficientValue(TermValue(Temp)) > 0 then

end if*I Put(CoefficientValue(TermValue(Temp)) ,0);
Put( CI^1
Put(ExponentValue(TermValue(Temp)), 0);
Temp :=Successor(P,Temp);

end loop;
end Put;

I end Polynomials;



withi Polynomials, Text 10; use Polynomials, Text_:0;
procedure AddPolynomials is

FirstPolynomial,SecondPolynomial : string(..30)

procedure GetPolynomialFileName(FileName :out string) is
NumChars :natural;
TFileN&me string(l. .30);

begin
NewLine(2);
PutLine("Enter filename where a polynor~ial is located.");
GetLine(TWileNane,NuinChars);
FileName := ilenaxne(l..NunChars);

end GetPolynomialFileName;

begin
NewPage;
GetPolynomialFileName (FirstPolynomial);
GetPolynomialFileName (SecondPolynomial);
Put (CreatePolynomial (FirstPolynomial) + CreatePolynomial (SecondPolynomial)

end AddPolynomials;



generic
type Item is private;
type Index is (<>);i type Items is array(Index range <>) of Item;
with function "<" (Left : in Item;

Right : in Item) return Boolean;
i package Heap_Sort is

procedure Sort (The_Items in out Items);

U end Heap_Sort;

I generic
type Item is private;
type Index is (<>);
type Items is array(Index range <>) of Item;
with function "<" (Left : in Item;

Right : in Item) return Boolean;
* package QuickSort" is

procedure Sort (TheItems in out Items);

I end QuickSort;

U
i
i
i

generic
type Item is private;
type Index is (<>);
type Items is array(Index range <>) of Item;
with function "<" (Left in Item;

Right in Item) return Boolean;
package Binary_InsertionSort is

procedure Sort (TheItems : in out Items);

end Binary_InsertionSort;

i [Taken from Software Components with Ada by Grady Booch]

i



generic
type Key is limited private;
type Item is limited private;
type Index is (<>);
type Items is array (Index range <>) of Item;
with function IsEqual (Left in Key;

Right : in Item) return Boolean;
package SequentialSearch is

function LocationOf (The_Key : in Key;
InTheItems : in Items) return Index;

ItemNotFound : exception;

end SequentialSearch;

generic
type Key is limited private;
type Item is limited private;
type Index is (<>);
type Items is array(Index range <>) of Item;
with function Is-Equal (Left : in Key;

Right : in Item) return Boolean;
with function IsLessThan (Left : in Key;

Right : in Item) return Boolean;
package OrderedSequentialSearch is

function Location_Of (The Key : in Key;
In The Items : in Items) retur Index;

ItemNotFound : exception;

end Ordered SecuentialSearch;

generic
type Key is limited private;
tvye item is limited private;
type Index is (<>);
type Items is array(Index rance <>) of Item;
with function IsEqual (Left in Key;

Right in Item) return Boclean;with function IsLessThan (Left : in Key;
Right : in Item) return Boolean;9azkage BinarySearch is

function Location_Of (TheKey : in Key;
InTheItems : in Items) return Index;

ItemNotFound : exception;

and BinarySearch;

7Taken from Software Comoonents witr Ada by
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task [type) [is
(entry declaration)
{representation clause}

end (task simple_nagme]I

I task body task simple name is
(declarative -part]-

beg inI ([sequence of-statements I
[ezception

exception-handler
(exception-handler}]

end (task-simple~namel;

I1



UI)

W a.
I-w w C

> I- 0
ph (1) L

0t >0
z z (1)
<1 w z Cw

a. w I Z
*l z 7J 1-

x .J DI-
I-0 a w DZ

Z J J 0 IzZ U) 00
W eJa J a.0 .

x C C m w W 0a
W u. 0 0 1 00 0
F- F- u 0 - F - I-
c Z 0i a) (ZZ

-W - Z s PW Xa) C
c) E (Z F- Q0 W

w XCO a z j >mJ
- W WU ) a

IxJ. CL 0.
WL u 0) c u00

tjO~ w uC
L. u CO )W c

a - T W u r
Im zz-couLF-
WZ x i <1C)F c >
00 0 Z z .1
u Z 0 0 F-CS l

<W ie0 Z HZ 0 z -
Z c Z 0 0 H J

wD w w c 1 ED CD C
I I I

-I- F- C



SIMPLEST FORM OF TASK ENTRY

TASK Ti is ACP

ENTRY ENTRYl;
END TI;

TASK BODY Ti is
BEG I N
LOOP

I ACCEPT ENTRYl DO
<SOS>

END ENTRYl;
<SOS>

END LOOP;
END Ti;

--WAIT FOREVER FOR CALL To ENTRYl

I1
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I

I TASK Ti is
ENTRY ENTRY1;

END TI;

TASK BODY Ti is
* BEGIN

LOOP

ACCEPT ENTRYI; -- 'SYNC' CALL ONLYI <SOS>
END LOOP;

END Ti;
--WAIT FOREVER FOR CALL TO ENTRY1

I --EVEN IF ENTRYI HAS PARAMETERS ASSOCIATED W!TH

-- IT, THE ACCEPT BLOCK DOES NOT HA"E TO HAVE A

* -- SEQUENCE OF STATEMENTS

I
I
I
I
I
I
I
I
I
I
II 20o



SELECT STATEMENT

USED BY THE TASK TO ALLOW OPTIONS

SIMPLEST FORM IS THE SELECTIVE WAIT (WAIT FOREVER)

TASK TI is
ENTRY ENTRY1;
ENTRY ENTRY2;

END TI;

TASK BODY Ti is
BEGIN

LOOP
SELECT

ACCEPT ENTRYI DO

END ENTRYI;
<SOS>

OR ACCEPT ENTRY2 DO
<SOS>

END ENTRY2;
<SOS>

-- AS MANY 'OR' AND ACCEPT CLAUSES AS NEEDED

END SELECT;
END LOOP;

END TI;
-- WAIT FOR EITHER ENTRYl OR ENTRY2

21



I
I

SELECTIVE WAIT WITH ELSE (DON'T WAIT AT ALL)

TASK T1 is
ENTRY ENTRY1;

END Ti;

I iASK BODY Ti rs
BEGIN
LOOP
SELECT

ACCEPT ENTRY1 DO
<SOS>

END ENTRYI;
<SOS>

ELSE
<SOS>

END SELECT;
END LOOP;

END Ti;

IF THERE IS NOT A CALLER WAITING RIGHT NOW,
DO THE ELSE PART.

I
I
I
I
I
I
I
I
I 22



SELECTIVE WAIT WITH ELSE, MULTIPLE

ACCEPTS

TASK Ti IS
ENTRY ENTRYl;
ENTRY ENTRY2;

END Ti;

TASK BODY Ti IS I
BEGIN

LOOP

SELECT
ACCEPT ENTRY1 DO<SOS>

END ENTRYl;
<SOS>

OR

ACCEPT ENTRY2 DO

-- AS MANY 'ORe AND 'ACCEPT CLAUSES AS NEEDED

ELSE 3
<SOS>;

END SELECT;
END LOOP;

END Ti;

I
I

I
I
1
I

23



SELECT WITH DELAY ALTERNATIVE
(WAIT A FINITE TIME)

I TASK BODY Ti IS
BEGIN

LOOP
SELECT
ACCEPT ENTRY1 DO ....

[OR
ACCEPT ENTRY2.....]

OR
DELAY 15.0; -- SECONDS
<SOS>;

END SELECT;
END LOOP;

END Ti;

IF ENTRYI CALLED WITHIN 15 SECONDS,
THEN YOU ACCEPT THE CALL. OTHERWISE,

n AFTER 15 SECONDS YOU WILL DO SOMETHING.

I

I
I
I
I
I
I
I
I
n 24



'DELAY' RULES

YOU MAY HAVE SEVERAL ALTERNATIVES
WITH A DELAY STATEMENT.

SINCE DELAYS CAN BE STATIC, THE SHORTEST

DELAY ALTERNATIVE WILL RE SELECTED.

ZERO AND NEGATIVE DELAYS ARE LEGAL.

YOU MAY NOT HAVE AN ELSE PART WITH

A DELAY, SINCE THE DELAY WOULD NEVER

BE ACCEPTED.

25



I 'DELAY' RULES

I You MAY HAVE SEVERAL ALTERNATIVES
WITH A DELAY STATEMENT.

SINCE DELAYS CAN BE STATIC, THE SHORTEST
DELAY ALTERNATIVE WILL RE SELECTED.

I ZERO AND NEGATIVE DELAYS ARE LEGAL-

YOU MAY NOT HAVE AN ELSE PART WITH

A DELAY, SINCE THE DELAY WOULD NEVER
BE ACCEPTED-

I
I
I
I
I
I
I
I
I
I
I
I
m 25



SELECT WITH DELAY ALTERNATIVE
(WAIT A FINITE TIME)

TASK BODY TI is
BEGIN

LOOP
SELECT
ACCEPT ENTRY1 DO ....

(OR
ACCEPT ENTRY2 ..... ]

OR
DELAY <EXPRESSION>;
<SOS>;

OR
DELAY <EXPRESSION>;
<SOS>;

-- SHORTEST DELAY WILL GET CHOSEN

END SELECT;
END LOOP;

END Ti;

26



I
I

GUARDS CAN BE USED ON ANY ACCEPT
STATEMENT

WHEN SOMECONDITION =>
ACCEPT ENTRY1 ......

I IF THERE IS NO GUARD, THE ACCEPT STATEMENT
IS SAID TO BE OPEN.

IF THERE IS A GUARD, AND THE WHEN CONDITION

IS TRUE, THE ACCEPT IS ALSO OPEN.

I FALSE GUARD STATEMENTS ARE SAID TO BE CLOSED.

OPEN ALTERNATIVES ARE CONSIDERED. IF THERE IS
MORE THAN ONE, THEN ONE IS SELECTED ARBITRARILY.

IF THERE ARE NO OPEN ALTERNATIVES (AND NO ELSE
PART), THE EXCEPTION PROGRAMERROR IS RAISED.

2I
I
I
I
U

* 27



TERMINATION

WHEN A TASK HAS COMPLETED ITS SEQUENCE

OF STATEMENTS, ITS STATUS IS COMPLETED

ADDITIONALLY, THERE IS AN OPTION THAT
ALLOWS A TASK TO TERMINATE-

SELECT
ACCEPT ENTRY1 DO .....

[OR
ACCEPT ENTRY2 DO ..... ]

OR
TERMINATE;

END SELECT;

THIS MAY NOT BE USED WITH EITHER THE
THE DELAY OR AN ELSE CLAUSE.

SINCE THIS IS USED ONLY WITH A 'WAIT FOREVER'
TASK, THIS OPTION ALLOWS A TASK THAT IS
WAITING FOREVER TO TERMINATE IF ITS PARENT
IS ALSO READY TO QUIT.

28
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TASK SEMAPHORE is
ENTRY P; -- GET RESOURCE
ENTRY V; -- RELEASE

END SEMAPHORE;

TASK BODY SEMAPHORE is
AVAILABLE : BOOLEAN := TRUE;

BEGIN
LOOP

SELECT
WHEN AVAILABLE
ACCEPT P DO

AVAILABLE := FALSE;
END P;

OR
WHEN NOT AVAILABLE
ACCEPT V DO

AVAILABLE TRUE;
END V;

OR
TERMINATE;

END LOOP;
END SEMAPHORE;

32. 1



I

TASK SPECIAL OPS IS

ENTRY ASSTGN ( OBJECT : IN SOME TYPE );
ENTRY RETRIEVE ( OBJECT : OUT SOMETYPE);

END SPECIALOPS;

TASK BODY SPECIALOPS IS
THEOBJECT : SOMETYPE;
BEGIN

LOOP
SELECT
ACCEPT ASSIGN(OBJECT:IN SOMETYPE)DO

THE OBJECT := OBJECT;
END ASIGN;

OR

ACCEPT RETRIEVE(OBJECT:OUT SOMETYPE)DO
OBJECT :- THE-OBJECT;I END RETRIEVE;

OR
TERMINATE;

END SELECT;
END LOOP;

END SPECIAL-OPS;

I
I
I
I
I
I
I
I
I
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I
I

m CALL AND WAIT FOREVER

To CALL AN ENTRY, SPECIFY THE
TASK NAME AND THEN THE ENTRY NAME

BEGIN

Ti.ENTRY1(DATA);

I
I
I
I
I
I
U
I
I
I
I
I
I
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TIMED ENTRY CALL
(WAIT FOR A FINITE TIME)

SELECT
TI.ENTRYI(DATA);

<SOS>
OR

DELAY 60;
<SOS>

END SELECT;

YOU CANNOT USE AN 'OR' TO CALL TWO (OR MORE)
TASK ENTRIES!!!

THIS WOULD BE EQUIVALENT TO STANDING IN TWO
DIFFERENT LINES AT ONCE-
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U

CONDITIONAL ENTRY CALLS
SIc(DON'T WAIT AT ALL)

* SELECT
Ti ENTRY1(DATA);
<SOS>

3ELSE
<SOS>

END SELECT;

3NOTICE THE 'ORTHOGONALITY' OR THE
SELECT STATEMENT- IT IS USED IN
EITHER A TASK ENTRY CALL OR AN
ACCEPT STATEMENT.

IALSO NOTICE THAT INSTEAD OF
IACCEPT...BEGIN...END ACCEPT;

IT IS
IACCEPT-.DO .... END ENTRY-NAME;

WHY???

3
I
I
I
I
U
I
I
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SYNCHRONIZATION OF DATA

TASK SYNC IS
ENTRY UPDATE ( DATA : IN DATA-TYPE);
ENTRY READ ( DATA :OUT DATATYPE);

END SYNC;

TASK BODY SYNC is
LOCAL : DATATYPE;
BEGIN

LOOP

SELECT
ACCEPT UPDATE(DATA : IN DATATYPE) Do

LOCAL := DATA;
END UPDATE;

OR
TERMINATE;

END SELECT;

SELECT
ACCEPT READ (DATA OUT DATATYPE) Do

DATA := LOCAL;
END READ;

OR
TERMINATE;

END SELECT;

END LOOP;
END SYNC;
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I
FAMILIES OF ENTR:ES

TYPE URGENCY is (LOW, MEDIUM, HIGH);

TASK MESSAGE is
ENTRY RECEIVE(URGENCY) (DATA : DATATYPE);

END MESSAGE;

TASK BODY MESSAGE is
BEGIN

LOOP
SELECT

ACCEPT RECEIVE(HIGH) (DATA:DATATYPE) DO

END'RECEIVE;
OR

WHEN RECEIVE(HIGH)'COUNT = 0 =>
ACCEPT RECEIVE(MEDIUM) (DATA:DATATYPE) Do

END'RECEIVE;I OR

WHEN RECEIVE(HIGH)'COUNT+RECEIVE(MEDIUM)'COUNT=O =>
ACCEPT RECEIVE(LOW) (DATA:DATATYPE) DO

END RECEIVE;
OR

DELAY 1.0; "- SHORT WAIT
END MESSAGE;

,41
I
I
I
I
I
i
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SAME THING, WITH NO GUARDS

TYPE URGENCY Is (LOW, MEDIUM, HIGH);

TASK MESSAGE is
ENTRY RECEIVE(URGENCY) (DATA : DATATYPE);

END MESSAGE;

TASK BODY MESSAGE is
BEGIN

LOOP
SELECT

ACCEPT RECEIVE(HIGH) (DATA:DATATYPE) DO

END RECEIVE;
ELSE

SELECT
ACCEPT RECEIVE(MEDIUM) (DATA:DATATYPE) DO

END RECEIVE;
ELSE

SELECT
ACCEPT RECEIVE(LOW) (DATA:DATATYPE) DO

END RECEIVE;
OR

DELAY 1.0; -- SHORT WAIT
END SELECT;

END SELECT;
END SELECT;

END MESSAGE;
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I

REPRESENTATION SPECIFICATIONSI
LENGTH CLAUSE

I T'STORAGESIZE

TASK TYPE Tl is
ENTRY ENTRY 1;
FOR T1'STORWGE SIZE USE

E I 2000*SYSTEM.STORAGEUNIT);
END T1;

THE PREFIX T DENOTES A TASK TYPE.

THE SIMPLE EXPRESSION MAY BE STATIC, AND IS USED
TO SPECIFY THE NUMBER OS STORAGE UNITS TO BE
RESERVED OR FOR EACH ACTIVATION (NOT THE CODE) OF

THE TASK.

I
I
I
I
I
I
U

I
I
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ADDRESS CLAUSE

TASK TYPE T1 is
ENTRY ENTRY1;
FOR TI USE AT 16#167A#;

END T1;

IN TH.S CASE, THE ADDRESS SPECIFIES THE ACTUAL
LOCATION IN MEMORY WHERE THE MACHINE CODE
ASSOCIATED WITH Ti WILL BE PLACED.

TASK Ti is
ENTRY ENTRY_1;
FOR ENTRY_1 USE AT 16#40#;

END T1;

IF THIS CASE, ENTRY_1 WILL BE MAPPED TO HARDWARE

INTERRUPT 64.

ONLY IN PARAMETERS CAN BE ASSOCIATED WITH
INTERRUPT ENTRIES-

AN INTERRUPT WILL ACT AS AN ENTRY CALL ISSUED BY
THE HARDWARE, WITH A PRIORITY HIGHER THAN ANY
USER-DEFINED TASK.

DEPENDING UPON THE IMPLEMENTATION, THERE CAN BE
MANY RESTRICTIONS UPON THE TYPE OF CALL TO THE
INTERRUPT, AND UPON THE TERMINATE ALTERNATIVES.

NOTE: YOU CAN DIRECTLY CALL AN INTERRUPT ENTRY.
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TASKS AT DIFFERENT PRIORITIESI
GIVEN 5 TASKS, 3 OF VARYING PRIORITY, 1 TO BE INTERRUPT
DRIVEN, AND 1 THAT WILL BE TIED TO THE CLOCK.

PROCEDURE HEAVY-STUFF is

TASK HIGHPRIORITY is
PRAGMA PRIORITY(50); --OR AS HIGH AS SYSTEM ALLOWS
ENTRY POINT;

END HIGHPRIORITY;

TASK MEDIUMPRIORITY IS
PRAGMA PRIORITY(25);
ENTRY POINT;

END MEDIUMPRIORITY;

TASK LOWPRIORITY IS
PRAGMA PRIORITY(1);
ENTRY POINT;3 END LOWPRIORITY;

TASK INTERRUPT DRIVEN IS
ENTRY POIT;
FOR POINT USE AT 16#619; --INTERRUPT 97

END INTERRUPTDRIVEN;

.TASK CLOCKDRIVEN IS
-THERE ARE TWO WAYS TO DO THIS

--FIRST WAY IS TO HAVE ANOTHER TASK MONITOR

-- THE CLOCK, AND CALL CLOCKDRIVEN-CALL
-- EVERY TIME UNIT.
ENTRY CALL;

-- SECOND WAY :S TO ACTUALLY TIE CALL TO AN
-- CLOCK INTERRUPT, AND LET CALL DETERMINE WHEN

HE WISHES TO PERFORM AN ACTION
FOR CALL USE AT 169324; --ASSUME INTERRUPT 50

-- IS A CLOCK INTERRUIPT
END CLOCK DRIVEN;

END HEAVYSTUFF;
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TASK QUEUE is
ENTRY INSERT(DATA : IN DATA TYPE);
ENTRY REMOVE(DATA :OUT DATATYPE);

END QUEUE;

TASK BODY QUEUE is
HEADTAIL : INTEGER :- 0;
Q : ARRAY (1..100) OF DATATYPE;
BEGIN

LOOP
SELECT

WHEN TAIL - HEAD + 1 1= 0 AND THEN
TAIL - HEAD + 1 /= 100 =>

ACCEPT INSERT(DATA : IN DATATYPE) DO
IF HEAD - 0 THEN HEAD := 1; END IF;
IF TAIL = 100 THEN TAIL := 0; END IF;
TAIL :- TAIL + 1;
Q(TAIL) := DATA;

END INSERT;
OR

WHEN HEAD /= 0 =>
ACCEPT REMOVE(DATA :OUT DATATYPE) DO

DATA := Q(HEAD);
IF HEAD = TAIL THEN

HEAD : 0;
TAIL 0;

ELSE
HEAD HEAD + 1;
IF HEAD > 100 THEN HEAD 1; END IF;

END IF;
END REMOVE;

OR
TERMINATE;

END SELECT;
END LOOP;

END QUEUE;
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I TASK TYPE QUEUE is
ENTRY INSERT(DATA : IN DATA TYPE);
ENTRY REMOVE(DATA :OUT DATATYPE);

END QUEUE;

TASK BODY QUEUE is
HEAD,TAIL : INTEGER := 0;
Q : ARRAY (1..100) OF DATATYPE;
BEGIN

LOOP
SELECT

WHEN TAIL - HEAD + 1 /= 0 AND THEN
TAIL - HEAD + 1 1= 100 =>

ACCEPT INSERT(DATA : IN DATA TYPE) DO
IF HEAD - 0 THEN HEAD :; 1; END IF;
IF TAIL = 100 THEN TAIL := 0; END IF;

TAIL := TAIL + 1;
Q(TAIL) := DATA;

END INSERT;
I 

WHEN HEAD /= 0 =>
ACCEPT RErOVE(DATA :O(T DATATYPE) DO

DATA := Q(HEAD);
IF HEAD = TAIL THEN

HEAD 0;
TAIL : 0;

ELSE
HEAD HEAD + 1;
IF HEAD > 100 THEN HEAD 1; END IF;

END IF;
END REMOVE;

OR
TERMINATE;

END SELECT;
END LOOP;

END QUEUE;

MYQUEUE, YOURQUEUE QUEUE; -- TWO TASKS

I
I
I
I
I
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GE,4ERIC

DATA TYPE : PRIVATE;
QUEUE_SIZE: POSITIVE : 100;

PACKAGE QUEUEPACK is

TASK QUEUE is
ENTRY INSERT(DATA : IN DATA TYPE);
ENTRY REMOVE(DATA :OUT DATATYPE);

END QUEUE;

PACKAGE BODY QUEUE_PACK is
TASK BODY QUEUE is

HEAD,TAIL : INTEGER := 0;
Q : ARRAY (1..QUEUESIZE) OF DATATYPE;
BEGIN

LOOP
SELECT

WHEN TAIL - HEAD + 1 / 0 AND THEN
TAIL - HEAD + 1 /= QUEUE SIZE =>

ACCEPT INSERT(DATA : IN DATATYPE) DO
IF HEAD = 0 THEN HEAD := 1; END IF;
IF TAIL = QUEUE SIZE THEN TAIL := 0; END IF;
TAIL := TAIL + 1;
Q(TAIL) : DATA;

END INSERT;
OR
WHEN HEAD /= 0 =>
ACCEPT REMOVE(DATA :OUT DATATYPE) DO

DATA := Q(HEAD);
IF HEAD = TAIL THEN

HEAD : 0;
TAIL 0;

ELSE
HEAD HEAD + 1;
IF HEAD> QUEUESIZE THEN HEAD 1; ENn ic;

END IF;
END REMOVE;

OR
TERMINATE;

END SELECT;
END LOOP;

END QUEUE;

PACKAGE NEW QUEUE IS NEW QUEUE PACK(MY RECORD, 250);
PACKAGE OLD-QUEUE IS NEW QUEUEPACK(INTEGER);

46



I
I

PROCEDURE INSERT INTEGER (DATA : IN INTEGER ) RENAMES
OLDQUEUE.INERT;

PROCEDURE REMOVE INTEGER (DATA :ouT INTEGER ) RENAMES
OLDQUEUE REMOVE;

II'
I'
I

I
I

I
I
I
I
I
I
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PROCEDURE SPIN (R : RESOURCE) is
BEGIN

LOOP
SELECT

R.SEIZE;
RETURN;

ELSE
NULL; -- BJSY WAITING

END SELECT;
END LOOP;

END;

--OR--

PROCEDURE SPIN (R : RESOURCE) Is
BEGIN

R.SEIZE;
RETURN;

END;
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IN-CLASS EXERCISE

LET US DESIGN THE TASK SPECIFICATIONS FOR THE FOLLOWING

SENARIO-

THREE TASKS HAVE ACCES TO A TYPE KNOWN AS MESSAGETYPE.

TASK_1 PRODUCES MESSAGES. TASK_2 CAN RECEIVE MESSAGES,

HOLD THEM IN A BUFFER (IF NECESSARY), AND SENDS THEM TO

TASK_3 WHEN THE DATE/TIME FIELD (PART OF MESSAGETYPE)
SAYS TO.

TASK TASK_1 is

END TASKJJ;

TASK TASK_2 IS

END TASK_2;

TASK TASK_3 Is

END TASK_3;
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TASKING EXERCISE

WRITE A MAIN PROGRAM AND TWO TASKS TO SIMULATE A HOUSE ALARM
SYSTEM- THE MAIN PROGRAM IS AN INPUT SIMULATOR TO THE
TASKS. ONE TASK KEEPS TRACK OF THE STATUS OF THE HOUSE.
ANOTHER IS THE ACTUAL ALARM SYSTEM-

m TASK 1: THE HOUSE STATUS (TASK NAME :HOUSE)
THREE ENTRIES => OK, NOT-OK, WRITE

mm THE ENTRIES OK AND NOTOK SET OR RESET A FLAG THAT
DETERMINES THE STATUS OF THE HOUSE- NOTOK WILL ALSO SET A
VARIABLE TO TELL YOU WHICH ALARM IS CURRENTLY GOING OFF.
BOTH OK AND NOTOK SHOULD PRINT OUT A MESSAGE VERIFYING THAT
THEY WERE CALLED. THE WRITE ENTRY WILL PRINT THE STATUS OF
THE HOUSE- IF THERE IS AN ALARM CURRENTLY GOING OFF, WRITE

m WILL TELL YOU THE ALARM NUMBER.

m TASK 2: THE ALARM SYSTEM (TASK NAME: ALARM)
THREE ENTRIES => FIRE, INTRUDER, SHUTOFF

I THE ALARM SYSTEM WILL ACCEPT ANY OF THE THREE ENTRY
CALLS FROM THE INPUT SIMULATOR- IF THERE ARE NO ENTRY CALLS
WITHIN 5 SECONDS, IT WILL CALL HOUSE-WRITE TO DISPLAY THE
STATUS. FIRE AND INTRUDER EACH HAVE A PARAMETER INDICATION
THE ALARM LOCATION. FIRE LOCATIONS ARE '1' THRU '9'.
INTRUDER LOCATIONS ARE 'A' THRU 'Z'. FIRE AND INTRUDER
SHOULD CALL HOUSE.NOTOK (AND TELL THE HOUSE WHERE THE ALARM
IS SOUNDING), AND THEN PRINT OUT A MESSAGE

m MAIN PROGRAM

THE MAIN PROGRAM WILL READ IN CHARACTERS FROM THE
KEYBOARD. IF THE CHARACTER IS A '1' THRU '9', CALL THE FIRE
ALARM. IF THE CHARACTER IS A 'A' THRU 'Z' THEN IT CALLS THE
INTRUDER ALARM. IF THE CHARACTER IS A 'O'(ZERO), THE HOUSE
IS RESET TO OK. IF THE CHARACTER IS A '1', THEN THE ALARM
IS SHUTDOWN, AND THE PROGRAM ENDS. ALL OTHER CHARACTERS DO
NOTH ING-

THE HOUSE STATUS SHOULD BE OK TO START-

I
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run cookie

The house is ok

The house is ok

&

Invalid character. Try again

The house is ok

G
House alarm set to not OK at location G
Intruder in room G

The house is not ok ..alarm is off at location G

The house is not ok ..alarm is off at location G

4
House alarm set to not OK at location 4
Fire Alarm # 4 has been set off.

The house is not ok ..alarm is off at location 4

0
House alarm reset to OK.

The house is ok

The house is ok

The alarm has been turned off
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I
wI,. TEXT 10;
USE TEXTTO;

PROCEDURE COOKIE is

CHAR : CHARACTER;

TASK HOUSE is
ENTRY OK;
ENTRY NOT OK (WHERE:CHARACTER);
ENTRY WRITE;

END HOUSE ;

TASK ALARM is
ENTRY FIRE (LOCATION:CHARACTER)I
ENTRY INTRUDER (LOCATION:CHARACTER);

ENTRY SHUTOFF;
END ALARM ;

I
I
I
I
I
I
I
I
I
I

I
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TASK BODY HOUSE is
TYPE CONDITION is (OK, NOT OK);
ALARM STATUS : CONDITION : OK;
ALARMLOCATION : CHARACTER;

BEGIN
LOOP

SELECT
ACCEPT OK DO

ALARM STATUS :- OK;
PUTLTNE("HoUSE ALARM RESET TO OK.');

END OK;
OR

ACCEPT NOT OK (WHERE:CHARACTER) DO
ALARM _TATUS :- NOT OK;
ALARM-LOCATION :- WRERE;
PuTLTNE('HousE ALARM SET TO NOT OK AT'&

"LOCATION N & ALARMLOCATION);
END NOTOK;

OR
ACCEPT WRITE DO

NEWLINE;
CASE ALARM STATUS Is

WHEN OK >PUT LINE('THE HOUSE !S OK");
W'HEN NOT OK => PUTLINE

("THE HOUSE IS NOT OK'&
.. ALARM IS OFF AT LOCATION &
ALARMLOCATION);

END CASE;
NEW LINE;

END WRITE;
OR

TERMINATE;
END SELECT;

END LOOP;
END HOUSE
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TASK BODY ALARM is
BEGIN

L00SELECT

ACCEPT FIRE (LOCATION:CHARACTER) DO
HOUSE;NOTOK(LOCATION);
PUT ( FIRE ALARM # a).
PUT (LOCATION);
PUT LINE (" HAS BEEN SET OFF-*);

END FIRE;
OR

ACCEPT INTRUDER (LOCATION:CHARACTER) DO
HOUSE.NOTOK(LOCATION);
PUT ('INTRUDER IN ROOM '),
PUT (LOCATION);
NEW LINE;

END INTRUDER;
OR

ACCEPT SHUTOFF;
PUTLINE ('THE ALARM HAS BEEN TURNED OFF');

EXIT;II oRDELAY 5-0;
HOUSE-WRITE;

END SELECT;

END LOOP
END ALARM;

II
I
I
I
I
I
1
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BEGIN --MAIN
LOOP

GET (CHAR);
SKIPLINE;
CASE CHAR is

WHEN '1' .. '9' -> ALARM.FIRE (CHAR);
WHEN 'Al -- 'Z' "> ALARM.INTRUDER (CHAR);
WHEN 'A' .- 'Z' > ALARM.INTRUDER (CHAR);
WHEN '0' > HOUSE.OK;
WHEN '' => ALARM.SHUTOFF;
WHEN OTHERS => PUTLINE

('INVALID CHARACTER- TRY AGAIN');

END CASE;
EXIT WHEN CHAR = 'I';

END LOOP;

END COOKIE;
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* What is an exception

" Ada exceptions

" Comparison

- the American way

- using exceptions

4I



!~ha Is a !n aeto
I

I
I

I - A run time error

I

I An unusual or unexpected condition

I * A condition requiring special attention

iI
- Other than normal processingI
* An important feature for debugging

1 * A critical feature for operational software

I
I
I
I
I5
I



• An exception has a name

- maybe predefined

- may be declared

" The exception is raised

- may be raised implicitly by run time system

- may be raised explicitly by raise statement

" The exception is handled

- exception handler may be placed in any frame*

- exception propagates until handler is found

- if no handler anywhere, process aborts

" executable part surrounded by begin - end

.. .. ...... ===.=n~iimm~m imslJimm IlE~lll IIIIll I I I I I 6
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I package StackPackage is

type StackType is limited private;

procedure Push (Stack :in out Stack-Type;
Element :in ElementType;
Overflow-Flag :out BOOLEAN);

I end StackPackage;

I
with TEXT_10;
with Stack_-Package; use StackPackage;
procedure FlagWaving is

Stack StackType;
Element Element-Type;
Flag BOOLEAN;

I begin

Push (Stack, Element, Flag);
if Flag then

TEXTIO.PUT ("Stack overflow");

end if;

end Flag_Waving;
7
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package StackPackage is

type StackType is limited private;
StackOverflow,
Stack_-Underfiow: exception;

procedure Push (Stack :in out Stack-Type;
Element :in ElementType);

-- may raise StackOverflow

end StackPackage;

with TEXT_10;
with Stack-Package; use StackPackage;
procedure MoreNatural is

Stack Stack-Type;
Element: ElementType;

begin

Push (Stack, Element);

exception
when StackOverflow =>

TEXT-IO.PUT ("Stack overflow");

end MoreNatural;
7a
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I • Overview
I
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I - Creating an exception handler
I

* Raising an exceptionI
I • Handling exceptions

I
* Turning off exception checkingI

i • Tasking exceptions

* • More examples

I
* Summary
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* Predefined exceptions

* Declaring exceptions

* I/0 exceptions
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i • In package STANDARD (also see chap 11 of LRM)

U
• CONSTRAINTERRORIi

violation of range, index, or discriminant constraint...I
I.• NUMERIC-ERROR

execution of a predefined numeric operation cannot
I deliver a correct result

I
* PROGRAM ERROR

attempt to access a program unit which has not yet
i been elaborated...

. STORAGE ERROR
I

storage allocation is exceeded...
I
* • TASKING-ERROR

exception arising during intertask communication

10
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exception-declaration ::= identifierlist exception;

" Exception may be declared anywhere an object declaration
is appropriate

" However, exception is not an object

- may not be used as subprogram parametei, record
or array component

- has same scope as an object, but its effect may
extend beyond its scope

Example:

procedure Calculation is

Singular : exception;
Overflow, Underfiow : exception;

begin

end Calculation;
11
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I • Exceptions relating to file processing

I
* In predefined library unit 10_EXCEPTIONS

I (also see chap 14 of LRM)

I
* TEXT_10, DIRECT_10, and SEQUENTIAL_10 with itI

I package 10_EXCEPTIONS is

I NAME-ERROR :exception;
USEERROR exception; --attempt to use

--invalid operation
STATUSERROR exception;
MODEERROR exception;
DEVICEERROR exception;

I ENDERROR exception; --attempt to read
--beyond end of file

DATAERROR exception; --attempt to input
--wrong type

LAYOUTERROR exception; --for text proc( ,sing

* end 10_EXCEPTIONS;

I 12
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* Overview

* Naming an exception

=> Creating an exception handler

* Raising an exception

* Handling exceptions

• Turning off exception checking

" Tasking exceptions

• More examples

" Summary
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I
I

I Defining an exception handler

I
- RestrictionsI
I Handler example

I
I
I
I
I
I
I

I 14
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" Exception condition is "caught" and "handled" by an exception
handier

* Exception handier may appear at the end of any frame (block,
subprogram, package or task body)

begin

exception
-- exception handler(s)

end;

Form similar to case statement

exception-handler ::=
when exceptionchoice {I exceptionchoice} =>

sequence of statements

exception-choice ::= exceptionname I others

15
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I 'Exception handlers must be at the end of a frame

U
* Nothing but exception handlers may lie between exception

* and end of frame

I
* A handler may name any visible exception declared or

3 predefined

I * A handler includes a sequence of statements

I -response to exception condition

II
- A handler for others may be used

- must be the last handler in the frameI
- handles all exceptions not listed in previous

* handlers of the frame
(including those not in scope of visibility)

- can be the only handler in the frame

I

I



procedure Whatever is

ProblemCondition "exception;

begin

exception

when ProblemCondition =>
FixIt;

when CONSTRAINTERROR =>
ReportIt;

when others =>
Punt;

end Whatever;
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I:i~ °overview

- Naming an exception

1 • Creating an exception handler

=> Raising an exceptionI
• Handling exceptions

I Turning off exception checking
I

i Tasking exceptions

* • More examples

I
* Summary

I

I



* Elaboration and execution exceptions

* How exceptions are raised

* Effects of raising an exception

" Raising example

19
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I

* Elaboration exceptions occur when declarations are being
* elaborated

S- after a unit is "called"

S- before execution of the unit begins

- can only be predefined exceptions

I • Execution exceptions occur during execution of a frame

I
* Elaboration exceptions can also be considered as execution

I exceptions

I depending on viewpoint

- can consider as part of the execution of the last
executable statement making the call to the unit

3 being elaborated

S- this helps with understanding the consistency of
the rules for exception handling

I
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* Implicitly by run time system I

- predefined exceptions II
* Explicitly by raise statement I

raise-statement ::= raise [exception-name];

- the name of the exception must be visibie at the I
point of the raise statement 3

-a raise statement without an exception name is
allowed only within an exception handler

III
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I
I

(1) Control transfers to exception handler at end of frame
* being executed (if handler exists)

(2) Exception is loweredI
(3) Sequence of statements in exception hander is executed

* (4) Control passes to end of frame

I
If frame does not contain an appropriate exception handler,
the exception is propagated - effectively skipping steps
1 thru 3 and going straight to step 4

2
I
I
I
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procedure Whatever is

ProblemCondition "exception;
RealBadCondition "exception;

begin

if ProblemArises then
raise ProblemCondition; -- 1

end if;

if SeriousProblem then
raise RealBadCondition; -- 1

end if;

exce-tion

when ProblemCondition => -- 2
FixIt; -- 3

when CONSTRAINTERROR => -- 2
ReportIt; -- 3

when others => -- 2
Punt; -- 3

end Whatever; -- 4
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I

* Raising an exceptionI
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I
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I
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I
I

" How exception handling can be useful

" Which exception handler is used

" Sequence of statements in exception handler UI
* Propagation

• Propagation example I

II
I

I
24I

u~mlmlnl°iln nmlln H II |I



U
I

m • Normal processing could continue if

S- cause of exception condition can be "repaired"

S- alternative approach can be used

--operation can be retried

I
Degraded processing could be better than termination

- for example, safety-critical systems
m

* If termination is necessary, "clean-up" can be done first

I
I
I
I
I 25
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* When exception is raised, system looks for an exception
handler at the end of the frame being executed

* If exception is raised during elaboration of the declarative
part of a unit (unit is not yet ready to execute)

- elaboration is abandoned and control goes to the
end of the unit with the exception still raised

- exception part of the unit is not searched for an
appropriate handler

- effectively, the calling unit will be searched for an
appropriate handler

-- consistent with execution viewpoint

- if elaboration of library unit, program execution is
abandoned

-- all library units are elaborated with the
main program

If exception is raised in exception handler

- handler may contain block(s) with handler(s)

- if not handled locally within handler, control goes
to end of frame with exception raised

26
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I • Handler completes the execution of the frame

I handler for a function should usually contain a
return statementI

* Statements can be of arbitrary complexity

- can use most any language construct that makes
sense in that contextI

- cannot use goto statement to transfer into a
handler

- if handler is in a block inside a loop, could use exit
statement

I
Handler at end of package body applies only to package

I initialization

I
I

I



" Occurs if no handler exists in frame where execution

exception is raised

* Always occurs if elaboration exception is raised

" Also occurs if raise statement is used in handler

" Exception is propagated dynamically

- propagates from subprogram to unit calling it
(not necessarily unit containing its declaration)

- this can result in propagation outside its scope

- task propagation follows same principle, but a
little more complicated

" Propagation continues until

- an appropriate handier is found

- exception propagates to main program (still with
no handler) and program execution is abandoned

28
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I

procedure DoNothing is

procedure HasIt is
SomeProblem "exception;

begin

raise SomeProblem;

exception
* when SomeProblem =>

CleanUp;

end HasIt; raise;

I procedure CallsIt is

i begin

Hasit;

end CallsIt;

begin -- DoNothing

CallsIt;I o

exception
when others => FixEverything;

end DoNothing;

I 29
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0 Overhead vs efficiencyU
I .• Pragma SUPPRESS

I.• Check identifiers

I
I
I
I
I
I
I
I
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Overeedve Effidency

* Exception checking imposes run time overhead

- interactive applications will never notice
- real-time applications have legitimate concerns

but must not sacrifice system safety

* When efficiency counts

- first, make program work (using good design)
- be sure possible problems are covered by exception

handlers
- check if efficient enough - stop if it is

- if not, study execution profile
-- eliminate bottlenecks
-- improve algorithm
-- avoid "cute" tricks

- check if efficient enough - stop if it is
- if not, trade-offs may be necessary
- some exception checks may be expendable since

debugging is done

- however, every suppressed check poses new
possibilities for problems

-- must re-examine possible problems
-- must re-examine exception handlers

- always keep in mind
-- problems will happen
-- critical applications must be able to

deal with these problems
32
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Only allowed immediately within a declarative part or

immediately within a package specification

pragma SUPPRESS (identifier [,[ ON =>] name]);

- identifier is that of the check to be omitted
(next slide lists identifiers)

- name is that of an object, type, or unit for which
the check is to be suppressed

-- if no name is given, it applies to the
remaining declarative region

- An implementation is free to ignore t.he suppress directive
for any check which may be impossible or too costly to
suppress

Example:

pragma SUPPRESS (INDEXCHECK, ON => Index);

33
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I *These identifiers are explained in more detail in chap 11 of
the LRMI

• Check identifiers for suppression of CONSTRAINTERROR
checks

U ACCESSCHECK
DISCRIMINANTCHECK
INDEX CHECK
LENGTH CHECK
RANGECHECK

U
* Check identifiers for suppression of NUMERICERROR checks

DIVISION CHECK
I OVERFLOWCHECK

U
Check identifier for suppression of PROGRAMERROR checksU

ELABORATIONCHECKI
* Check identifier for suppression of STORAGEERROR check

* STORAGECHECK
34
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* Overview
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" Handling exceptions
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* Summary
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I

Exception handling is trickier for tasksI
I Exceptions during task communication

1 • Tasking example

I
I
I
I
I
I
I
I
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- Rules are not really different, just more involved

- local exceptions handled the same within frames

If exception is raised

* during elaboration of task declarations

- the exception TASKINGERROR will be raised at the
point of task activation (becomes execution
exception in enclosing subprogram)

- the task will be marked completed

* during execution of task body (and not resolved there)

- task is completed

- exception is not propagated

* during task rendezvous

- this is the really tricky part

37
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I If the called task terminates abnormally

exception TASKINGERROR is raised in calling task at the
I point of the entry call

I
* If an entry call is made for entry of a task that becomes

completed before accepting the entry

exception TASKINGERROR is raised in calling task at the

point of the entry callI
• If the calling task terminates abnormally

* no exception propagates to the called task

I •If an exception is raised in called task within an accept (and
not handled there locally)I
the same exception is raised in the calling task at the point

* of the entry call
(even if exception is later handled outside of the accept in
the called task)

I

I
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procedure CriticalCode is

Failure : exception;

task Monitor is
entry DoSomething;

end Monitor;
task body Monitor is

begin

accept Do_Something do

raise Failure;

end DoSomething;

exception -- exception handled here
when Failure =>

TerminationMessage;
end Monitor;

begin -- CriticalCode

Monitor.DoSomething;

exception -- same exception will be handled here
when Failure =>

CriticalProblemMessage;

end CriticalCode;

39



I
I

I

I • Overview

I
0 Naming an exception
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I
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I - Turning off exception checking
I

I Tasking exceptions

I => More examples
I

* SummaryI
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* Interactive data input

• Propagating exception out of scope and back in

" Keeping a task alive

41
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I with TEXT_IO; use TEXT_10;
procedure GetInput (Number out integer) is

subtype InputType is integer range 0.. 100;
package Int_io is new INTEGER-1O (Input-Type);
InNumber: InputType;

begin -- Get_Input

I loop -- to try again after incorrect input

I begin -- Inner block to hold exception handler

I put ("Enter a number 0 to 100");
Int io.GET (In_Number);

3 Number:= InNumber;
exit; -- to exit loop after correct inputI

exception
when DATAERROR =>

put ("Try again, fat fingers!");
Skip-Line; -- must clear buffer

3 end; -- inner block

* end loop;

end Get -Input; 42
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I I IBack InI

declare
package Container is

procedure HasHandler;
procedure RaisesException;

end Container;

procedure Not inPackage is
begin

Container. RaisesException;
exception

when others => raise;
end Not inPackage;

package body Container is
Crazy : exception;
procedure HasHandler is
begin

Not inPackage;
exception

when Crazy => TellEveryone;
end HasHandler;
procedure RaisesException is
begin

raise Crazy;
end Raises-Exception;

end Container;
begin

Container. HasHandler;
end;
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task Monitor is
entry Do_Something;

end Monitor;

* task body Monitor is
begin

* loop -- for never-ending repetition

select
accept DoSomething do

I begin -- block for exception handler

raise Failure;

exception
when Failure => Recover;

* end; -- block

end DoSomething; -- exception must be
-- lowered before exiting

I end select;

I end loop;

I exception
when others =>

Termination_Message;
end Monitor;I 44
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